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ABSTRACT 


'HE  CAUSES  AND  COSTS  OF  MODIFICATIONS  TO  MILITARY  CONSTRUCTION 
CONTRACTS,  by  Major  Erie  T.  Mogren,  USA,  199  pages. 

^  j 

This  s-htt4-y  identifies  the  causes  and  costs  of  changes  to  military 
construction  contracts  and  discusses  how  excessive  project  cost  growth 
can  be  reduced  by  thorough  construct  1 b 1 1 1 1 y ,  using  service  and 
technical  design  reviews. 


25  military  construction  projects,  administered  by  the  Corps  of 
Engineers,  were  identified  for  study.  Project  files  werp  reviewed  to 
determine  the  reasons  for  and  costs  of  778  items  of  change  contained  in 
268  modifications.  Project  cost  growth  was  correlated  by  reviews 
conducted,  project  sice,  project  type,  and  design  agency.  The  study 
found  the  major  causes  of  mods  to  be  design  deficiencies,  user 
requested  changes,  and  unknown  site  conditions.  Most  design 
deficiencies  were  found  to  occur  in  architectural  aspects  of  design, 
followed  by  the  mechanical,  then  electrical  design  disciplines. 


The  study  further  found  that  projects  receiving  technical, 
c onst r uc t i b l 1 1 1 y  ,  and  using  service  reviews  had  significantly  lower 
overall  cost  growth  than  projects  not  receiving  all  three  reviews. 
However,  the  lack  of  any  one  review  could  lead  to  cost  growth  increases 
regardless  of  the  detail  in  which  the  remaining  reviews  were  conducted. 
Less  expensive  OMA  and  AFH  projects  tended  to  have  higher  cost  growth 
rates  than  more  costly  MCA  projects,  apparently  due  to  the  h.gher 
priority  given  to  design  and  review  of  large  projects.  In-house 
designs  were  found  to  have  lower  cost  growth  than  designs  by  contracted 
private  A/E  firms  largely  due  to  greater  problems  with  unknown  site 
conditions  experienced  by  A/E  designed  projects. 


The  study  also  e”  a mined  the  District  s  design  review  system. 
Information  on  reviewer  training  and  experience,  time  available,  and 
review  procedures  were  collected  by  questionnaire.  It  was  found  that 
the  primary  reason  for  poor  quality  reviews  was  lack  of  time,  brought 
about  by  competing  work:  requirements. 

Ihe  findings  of  this  study  were  compared  with  the  findings  of  1 6 
related  works  in  order  to  evaluate  the  externa!  validity  of  the 
results.  A  strong  correlation  between  most  of  the  findings  was  found 
to  exist,  particularly  in  the  areas  of  modification  causes  and  the 
effect  of  good  reviews  on  cost  growth  reduction. 

The  study  concludes  that  the  major  causes  of  modifications  to  military 
construction  projects  are  design  deficiencies,  user  requested  chanqes, 
and  unknown  site  conditions.  Thorough  design  reviews  can  decrease  the 
rate  and  cost  of  modifications  in  these  areas.  Reviews  must  be 
properly  managed,  however,  to  insure  they  receive  the  priority  needed 
to  be  effecti ve.  . 
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CHAPTER  1 


INTRODUCTION 


Background : 

The  Department  of  Defense  annually  spends  billions  of  dollars 
on  military  construction.  Much  of  this  is  managed  by  the  United  States 
Army  Corps  of  Engineers.  The  Government's  trend  over  the  last  fern 
years  has  been  to  increase  the  amount  budgeted  for  construction,  as 
shown  in  Table  1.  This  trend  is  likely  to  be  reversed,  however, 
because  the  spiraling  federal  deficit  has  resulted  in  increasing 
pressure  to  reduce  overall  defense  spending.  Consequently,  it  will 
become  increasingly  important  to  spend  each  defense  dollar  more 
efficiently.  The  Corps  of  Engineers  can  assist  in  this  effort  by 
reducing  contract  modifications  and  accompanying  project  cost 
increases . 


IABLE.1 

The  Trend  in  DOD  Military  Construction  Spending  (1) 

Fiscal  Year 

<*  Millions  -  FY  86  Dollars) 

1?Z& _ 1?B0 _ 1982 _ 1983 _ 1984 _ 1985 _ i!§6_.(Prg  jec  ted ) 

4,326  2,969  5,756  5,076  4,872  5,724  7,057 
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The  potential  tor  savings  in  construction  contracting  is 
substantial.  Corps  ot  Engineers  contract  audits  are  credited  with 
saving  <20.1  Million  in  FY  1984  as  part  ot  the  Inspector  General  s 
ettorts  to  curb  waste,  traud,  and  abuse  (2).  There  is  much  more, 
however,  that  can  still  be  done.  Table  2  summarizes  tindings  tram 
three  previous  studies  on  construction  contract  cost  growth.  All 
projects  shown  were  tederally  tunded,  although  not  all  ot  them  were 
administered  by  the  Corps  ot  Engineers.  Table  2  is  simplistic;  it  does 
not  take  into  account  project  size,  project  type,  scope  ot  work,  period 
aver  which  the  data  was  collected,  or  other  factors  which  may  influence 
cost  growth.  When  the  percentages  in  Table  2  are  applied  to  the  budget 
amounts  shown  in  Table  1,  it  is  obvious  that  savings  of  millions  of 
dollars  are  possible  if  cost  growth  is  reduced  by  only  a  few  percentage 
points  per  project. 


TABLE  2 

Cost  Growth  an  Federally  Funded  Projects 
Summed 

Number  of  Original  Cost  Percentage  Cost  Growth 

Study _ _ o£_aii_Projects _ Minimum _ Maximum _ Average 

Rosmond  (3)  300  <333,354,000  -  -  8.37. 

Di  ekmann  (4)  22  <103,900,000  -4.5X  72.57.  4.87. 

Rowland  (5)  20  <  81,053,000  0.4X  24.07.  7.17. 

NOTE:  Numbers  in  parenthesis  in  column  1  are  keyed  to  chapter 

endnotes.  Note  that  Rosmond  s  study  only  reported  average 
cost  growth;  the  maximum  and  minimum  figures  were  not  given. 


Military  construction  contracts  are  normally  awarded  by  the 


Corps  of  Engineers  on  a  lump  sum,  competitive  bid  basis. 


The  purpose 


of  this  system  is  to  insure  the  government  obtains  a  project  built  to 
the  specifications  and  schedule  desired  at  the  lowest  possible  price. 
This  system  is  also  designed  to  protect  the  contractor  by  providing  hut 
all  known  project  requirements  prior  to  bid  submission.  Theoretically, 
at  the  time  the  contract  is  awarded,  both  parties  know  what  the 
contract  requires,  when  it  is  to  be  done,  and  what  it  will  cost. 

A  contract  modification  is  defined  as  "any  written  alteration 
in  the  specification,  delivery  point,  rate  of  delivery,  contract 
period,  price,  quantity,  or  other  contract  provisions  of  an  existing 
contract,  whether  accomplished  by  unilateral  action  in  accordance  with 
a  contract  provision,  or  by  mutual  action  of  the  parties  to  the 
contract."  (6)  The  Corps  of  Engineers  divides  modifications  (or 
"mods"'  into  two  categories.  The  first  category  is  "change  orders". 
Change  orders  are  changes  to  the  contract  that  fall  within  the 
contract's  general  scope  of  worl,  and  are  governed  by  the  "changes" 
clause  of  the  standard  construction  contract. (7)  The  second  category 
of  mod  is  "supplemental  agreements”.  Supplemental  agreements  are 
changes  that  fall  outside  the  original  scope  of  the  contract.  A 
supplemental  agreement  "is  therefore  a  new  negotiated  contract  which 
must  be  founded  upon  offer,  acceptance,  and  cons i der at  1  on .  "  ( 8 )  The 
supplemental  agreement  is  added  as  a  supplement  to  the  existing 
contract  for  administrative  convenience. 

Once  a  construction  contract  is  awarded,  any  changes  to  that 
contract  are  processed  as  modifications.  Any  changes  outside  the 
original  contract  scope  or  beyond  the  contractor's  control  (such  as 
excessive  periods  of  bad  weather)  may  entitle  the  contractor  to 
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additional  compensation,  time,  or  both.  Unlike  the  original  contract, 
which  was  competitively  bid,  modifications  are  most  often  "sole  source" 
procurement  actions.  The  net  result  is  that  contract  modifications 
place  the  government  in  a  less  than  ideal  bargaining  position  and 
usually  involve  an  increase  in  construction  cost.  As  Lloyd  Finley 
stated  in  his  study  of  constructibility  reviews: 

"Any  such  required  adjustment  (or  change  order,1  becomes,  in 
effect,  a  separate,  sole  source  agreement,  lacking  in  the 
competitive  atmosphere  present  during  contract  award  and 
significantly  impacting  the  ability  of  the  government  to 
assume  the  best  (or  lowest)  cost  for  the  work."  (9) 

The  cost  of  modifications  can  be  measured  in  ways  other  than 
just  direct  construction  costs.  Indirect  costs  are  incurred  for 
processing,  negotiating,  and  coordinating  contract  changes.  these 
actions  also  consume  a  great  deal  of  time  that  could  be  better  spent 
elsewhere.  Often  modifications  result  in  time  extensions  that  push 

back  project  completion  dates.  These  delays,  in  turn,  upset  the 

customer  s  scheduled  use  of  the  facility.  Finally,  projects  with  hiqh 
cost  o/erruns  and  excessive  delays  negatively  impact  on  the  Corps 
professional  reputation.  Therefore,  reducing  the  number  of  "mods"  can 
save  taxpayer  dollars,  allow  the  Corps  greater  productivity,  and 
provide  a  more  professional  and  timely  product  to  the  supported 
installation. 

Data  collection  for  this  study  was  conducted  between  February 
1985  and  August  1986  from  25  military  construction  projects 
administered  by  the  Corps  on  an  Army  i nst a  1 1  a 1 1  on  .  These  included 
projects  funded  under  the  Military  Construction,  Army  (MCA),  Operations 
and  Maintenance,  Army  (OMA),  and  Army  Family  Housing  (AFH)  programs. 
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The  supporting  District  was  located  about  40  miles  tram  the 

installation  upon  which  construction  took  place. 

The  qoal  ot  this  study  was  to  determine  the  causes  and  costs  ot 
contract  mods  and  to  determine  why  design  reviews  were  tailing  to 
identity  problems  prior  to  construction.  An  additional  goal  was  to 
determine  how  applicable  the  tindings  trom  this  relatively  limited 
sample  ot  projects  Mere  to  military  construction  in  general  by 
comparison  with  tindings  trom  other  studies.  This  thesis  summarizes 
the  methodology,  data,  and  tindings  ot  that  ettort. 

Research_Objectives_and_Prgblem_Statemients_ 

The  research  objectives  ot  this  thesis  were  to: 

1.  identity  the  level  ot  cost  growth  ot  sample  MCA,  DMA, 
and  AFH  construction  projects. 

2.  identify  the  reasons  for  modifications  to  military 
construction  contracts. 

3.  determine  the  admi n l s t r a t l ve  overhead  costs  of 
modification  processing. 

5.  determine  if  the  design  review  system  used  by  the 
supporting  District  was  adequately  catching  potential 
problems  prior  to  construction,  thereby  precluding  the 
need  for  all  or  most  later  modifications. 

6.  determine  if  the  situation  observed  was  unique  to  the 
installation  under  study  or  if  it  was  consistent  with 
situations  described  in  other  studies. 

This  study  addressed  those  objectives  by  asking  the  following 
research  questions: 

1.  Did  project  cost  growth  at  the  installation  exceed 
acceptable  1  evel  s'1 
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2.  How  much  did  modification  administration  and  overhead 
cost  the  District  in  terms  of  time,  money,  and 
productivity9 

3.  What  were  the  causes  of  contract  modifications9 

4  Did  the  current  design  review  system  adequately 

identify  and  correct  problems  prior  to  contract  award'1 
If  not,  w  h  v 

5.  Do  the  findings  of  this  study  tract  with  findings  of 
modification  studies  conducted  elsewhere-1  Are  the 
findings  of  this  study  applicable  to  Corps  military 
construction  in  general9 

The  paper  was  organized  to  examine  each  guestion  in  the 
following  seguence.  Chapter  2  presents  an  overview  of  related  studies 
and  writings  on  the  subject  pf  construction  contract  modifications. 
Chapter  3  is  a  detailed  description  of  the  methodology  used  to  collect 
data  from,  the  projects  selected  for  study. 

Chapter  4  presents  data  on  modification  costs  and  causes  by 

addressing  both  direct  and  indirect  costs.  Data  for  th'S  Chapter  were 
collected  from  primary  source  contract  documents.  Mod  cost  and  causes 
were  examined  by  project  type,  project  size,  design  agency,  and  by 

whether  preconstruction  reviews  were  conducted  on  project  design  prior 
to  start  of  construction.  The  purpose  of  this  cross-correlation  was  to 
determine  the  influence,  if  any,  each  of  these  categories  has  on 
contract  mod=, 

Chapter  5  discusses  the  pr ec on s t r uc t l on  review  system  and 

examines  why  reviews  seemingly  failed  to  identify  potential  problems 
prior  to  project  start.  Most  of  the  data  for  Chapter  5  came  from 
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questionnaires  completed  by  District  personnel  involved  with  the  review 


process . 

Chapter  6  compares  the  findings  and  conclusions  of  this  study 
with  those  findings  and  conclusions  stated  in  the  other  papers 
discussed  in  Chapter  2. 

Chapter  7  summarizes  this  study's  findings  and  conclusions,  and 
identifies  areas  requiring  further  study.  Operational  definitions, 
data  tables,  and  a  summary  of  questionnaire  responses  are  included  in 
append l ces . 


As2umgt igns^ 

The  following  five  assumptions  were  eade  at  the  beginning  of 
the  study: 

1.  The  impact  of  contract  modifications  can  be  quantified  by: 

a.  Direct  and  indirect  cost  (dollars).  Direct  cost  is  the 
money  paid  to  the  contractor  for  labor  and  materials. 

Indirect  cost  is  the  cost  for  administrative  overhead  to  the 

Di str l ct . 

b.  Project  cost  growth  (percentage). 

c.  Total  number  of  mods  per  project. 

d.  Total  number  of  changes  per  project.  (Note  that  each 
modification  may  include  more  than  one  item  of  change.) 

e.  Time  spent  on  mod  negotiation,  administration,  and 
processing  (manhours). 

f.  Impact  cost.  These  are  costs  derived  from  the  impact 
changes  to  the  original  design  and  schedule  may  have  on 
elements  not  directly  related  to  the  modification.  Impact 
cost,  however,  were  not  addressed  in  this  study. 


2.  Most  military  construction  projects  will  have  some  changes 
made  during  the  course  of  construction.  The  Corps  of  Engineers  does 
not  •formally  define  what  these  levels  should  be.  Consequently,  it  is 
necessary  to  establish  what  an  acceptable  level  of  cost  growth  might 
be.  Cost  growth  percentages  were  determined  based  on  conversations 
with  construction  experienced  personnel  within  the  District  and 
installation  DEH.  The  percentages  shown  below  represent  a  consensus  of 
the  opinions  expressed  during  those  interviews.  These  levels  were 
determined  to  be: 

a.  3%  for  high  cost,  "from  the  ground  up"  new 
construction. 

b.  5/1  for  new  work  in  existing  buildings  and  non-complex 
structural  and/or  ar ch 1 1 ec t ur a  1  renovation  work. 

c.  10%  for  renovation  work  involving  complicated 
electrical  or  mechanical  work,  particularly  where  that  work 
involves  going  inside  the  walls  of  older  buildings. 

These  figures  may  fluctuate  somewhat  with  the  size  of  the  project.  For 
example,  a  low  cost,  complex  renovation  project  may  sustain  a  higher 
cost  growth  since  the  price  of  each  change  will  consume  a  larger 
percentage  of  the  original  contract  amount. 

3.  The  quality  of  a  preconstruction  review  is  primarily 
dependent  on  three  factors.  Therefore,  an  evaluation  of  these  factors 
provides  an  indicator  of  the  quality  of  the  reviews  being  performed. 
These  factors  are: 

a.  The  professional  qua  1 i f i cat l ons ,  education,  training, 
and  experience  of  the  individual  doing  the  review. 

b.  The  time  available  for  the  conduct  of  the  review. 
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c.  The  or qan 1 z a t 1 onal  and  procedural  framework  within 
which  reviews  are  conducted.  This  includes  the  system  by 
which  review  results  are  analyzed  and  appropriate  action 
taken . 

These  review  factors  described  above  can  be  evaluated  by  the  use  of 
questionnaires  filled  out  by  those  responsible  for  the  conduct  of 
reviews. 

4.  There  are  three  types  of  preconstruction  reviews  that  have  a 
direct  impact  on  modifications  during  construction.  These  are  usinq 
service  reviews,  technical  reviews,  and  construct i bi 1 i ty  reviews.  The 
failure  to  thoroughly  conduct  any  one  of  these  may  result  in  extensive 
cost  growth  regardless  of  the  detail  in  which  the  other  two  are 
conducted. 

5.  Three  of  the  25  projects  selected  for  study  were  not  yet 

complete  when  final  data  were  collected.  These  were  projects  #4  (96'/. 
complete),  #19  (997.  complete),  and  #22  (817.  complete).  It  was  assumed 

that  these  projects  were  substantially  complete  enough  so  that  any 
additional  mods  incurred  by  them  would  not  significantly  alter  the 
findings  presented . 

?9Qstrai.nts_and_Deli.*i.tatigns!. 

The  following  constraints  and  delimitations  were  identified 
during  the  course  cf  the  study: 

1.  Data  were  collected  from  Corps  of  Engineers,  military 
construction  projects  only.  No  data  was  collected  on  civil  works 
projects.  Consequently,  the  findings  and  conclusions  may  not  directly 
apply  to  civil  works  or  work  in  the  private  sector. 
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2.  The  questionnaire  used  to  evaluate  the  review  system  was 
distributed  only  to  District  employees  involved  with  military 
construction. 

3.  In  general,  the  search  tor  previous  studies  and  literature 
was  limited  to  those  completed  since  1970.  Older  studies  were  used 
only  it  their  methodology  or  tindings  had  a  direct  and  significant 
relationship  to  this  study. 

4.  This  study  did  not  address  the  issue  of  contractor  s  who 
deliberately  submit  low  bids  in  the  hope  of  increasing  their  profits  by 
submitting  requests  for  modifications  or  claims  after  construction 
begins. 

5.  This  study  did  not  address  the  issue  of  A/E  liability  for 
design  deficiencies,  errors,  and  omissions. 

6.  This  study  did  not  address  biddability  and  operability 
reviews  since  internal  District  procedures  usually  resulted  in  these 
being  done  in  conjunction  with  the  technical  and  constructibility 
reviews.  Furthermore,  only  District  conducted  reviews  were  examined. 
Reviews  conducted  by  the  installation  Director  of  Engineering  and 
Housing  (DEH),  Division  Headquar t er s ,  or  private 
Ar ch 1 1 ec t ur a  1 / Eng l neer i ng  firms  tor  the  Corps  were  not  addressed. 

7.  Data  on  indirect  costs  was  limited  due  to  District 
accounting  procedures.  The  only  indirect  costs  accounted  for  by 
individual  project  were  engineering,  design,  and  overhead.  Costs 
associated  with  construction  activities,  such  as  mod  negotiation  and 
contract  admi n i st r at i on  ,  were  accounted  for  under  an  overall 
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construction  account  and  not  credited  to  individual  projects.  Hence, 
the  data  on  indirect  costs  is  not  complete. 

8.  Initially,  it  was  decided  to  not  include  disputed  claims 
requiring  litigation  or  arbitration.  This  turned  out  not  to  be  a 
problem,  however,  since  only  one  such  claim  was  found  in  all  25 
projects  for  a  relatively  small  amount  <<100).  Hith  this  one 
exception,  all  mods  studied  were  agreed  to  by  both  parties  and  resolved 
by  project  completion. 

5i9Qlfi£*QE§_2f_Studyi 

16  studies,  reports,  journal  articles,  and  other  papers  were 
identified  which  addressed  the  issues  raised  by  the  objectives  of  this 
study.  No  one  of  these,  however,  could  be  considered  conclusive  as 
each  drew  its  conclusions  from  a  necessarily  limited  data  base.  No 
study  was  found  which  attempted  to  analyze  and  correlate  the  findings 
of  these  diverse  studies.  Therefore,  the  value  of  this  effort  is 
twofold.  First,  it  adds  to  the  general  modification  knowledge  base  by 
adding  to  the  pool  of  data  previously  collected.  Second,  it 
systematically  compares  the  findings  of  the  identified  studies  with  the 
findings  of  this  study  to  determine  general  trends  appearing  in 
military  construction  projects.  Minor  variations  in  these  trends  can 
be  expected  between  individual  locations.  But  in  general  they  should 
provide  the  Corps  as  a  whole  with  a  general  model  of  what  causes 
modifications,  how  much  they  can  be  expected  to  cost,  and  what  efforts 
should  be  made  in  the  area  of  design  review  to  preclude  excessive  cost 
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growth.  By  identifying  the  major  causes  of  project  cost  growth, 
Districts  should  then  be  in  a  better  position  to  more  efficiently  focus 
their  review  efforts  to  reduce  overall  construction  costs. 


Endnotes,  Chapter  1 


1.  U.S.  Department  of  Defense,  Annual _Reeort_tg_the_Cgngress:  __Re(igr  t 

of__ the __Secr et ary__of __Def ense gn the__FY_  _ 1?86__ Budge ti__FY_  1987 

Ayibgrizatign_RegufSt_and_FY _ l?86;?0__Defense__Prggrams,  (Washington, 

D.C.!  U.S.  Government  Printing  Office,  4  February  1985),  p.  293. 

2.  DOD,  Annual _Regort_tg_the_Cgngr ess ,  p.  90. 

3.  James  R.  Rositond,  "Analysis  of  Low  Bidding  and  Change  Order  Rates 
for  Navy  Facilities  Construction  Contracts",  (Master's  thesis,  Naval 
Postgraduate  School,  Monterey,  June  1984),  p.  39  and  p.  51. 

4.  James  E.  Diekmann  and  Mark  C.  Nelson,  "Construction  Claims: 

Frequency  and  Severity",  Journa  1_ _ of __Cgnstr uct i on __Engi neer i nq__and 

Management,  (Vol.  Ill,  No.  1,  March  1985),  calculated  from  data  on  p. 


5.  Henry  J.  Rowland,  “The  Causes  and  Effects  of  Change  Orders  on  the 
Construction  Process",  (Master's  thesis,  Georgia  Institute  of 
Technology,  School  of  Civil  Engineering,  November,  1981),  figures 
calculated  from  data  presented  in  Appendix  B. 

6.  QSQ5iCyEiL9Q_Q9Qtract__Neqgt i.ati.ng__6uide,  (Office  of  the  Chief  of 
Engineers:  Washington  D.C.,  1977),  page  2-1. 

7.  Cgnstruct i gn  Cgntract _Neggt i at l ng  Gui de ,  page  2-2. 

8.  Q90§tcy?ti9Q-Cgntract_Neggt i at ingGui de,  page  2-3. 

9.  Lloyd  S.  Finley,  "Examination  of  the  Constructability  [sic!  Review 
in  Government  Contracting" ,  (Masters  Thesis,  Purdue  University,  School 
of  Civil  Engineering,  3  August  1984),  page  4. 


13 


CHAPTER  2 


SURVEY  OF  EXISTING  PUBLICATIONS 


General : 

This  chapter  summarizes  the  findings  of  previous  research 
projects  and  writings  on  construction  contract  modi f i cat i ons .  This 
survey  identifies  20  related  studies,  articles,  and  reports  and 
provides  a  framework  within  which  the  relevance  of  the  findings  of  this 
study  can  be  evaluated.  The  ultimate  objective  is  to  determine  if  the 
findings  of  this  study  are  consistent  with  the  findings  of  these  other 
works.  A  comparison  between  findings  is  made  in  Chapter  7. 

In  general,  only  publications  or  studies  completed  between  1970 
and  1985  were  reviewed.  This  15  year  period  was  arbitrarily  selected 
in  order  to  delimit  the  amount  of  material  to  be  reviewed.  Exceptions 
were  made  only  if  a  particular  work  made  a  direct  and  significant 
contribution  to  the  study  of  contract  modi f i c at i ons .  The  publications 
reviewed  are  grouped  under  four  categories: 

1.  Government  publications.  Includes  regulations, 
pamphlets,  and  other  documents  establishing 
procedural  guidance  for  military  construction. 

2.  Official  government  studies.  Incijdes  studies 
carried  out  by  government  agencies  or  by  civilian 
agencies  under  contract  to  the  government. 

3.  Studies  completed  at  academic  institutions.  Includes 
individual  master's  theses. 

4.  Articles  from  professional  journals  and  magazines. 
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Publications  were  selected  based  on  topic  relevance  and 
avai  1  abi  1  i  ty.  Studies  and  theses  were  obtained  through  the  Defense 
Technical  Information  Service  (DT1C).  Abstracts  of  professional 
magazines  and  journals,  dating  back  to  1970,  were  reviewed  for 
pertinent  articles.  Several  reports  and  studies  were  obtained  through 
the  Corps'  District  administering  the  projects  under  study.  Many  of 
the  papers  surveyed  did  not  directly  deal  with  the  topics  covered  in 
this  study.  In  some  cases,  only  a  few  pages  (or  at  best  a  chapter)  was 
dedicated  to  modifications.  In  other  cases,  the  author  collected  the 
same  types  of  data  but  used  them  to  address  different  problems.  This 
survey  discusses  only  those  items  contained  in  existing  works  that 
relate  to  the  two  main  issues  of  this  paper:  the  sources  and  costs  of 
modifications  and  the  relationship  of  design  reviews  to  modifications. 

Gpvernment_PublicatiLgnsi 

The  U.S.  government  publishes  a  number  of  documents  regulating 
military  construction.  These  begin  with  legislation  enacted  by  the 
U.S.  Congress,  such  as  the  Annual  Military  Construction  Appropriation 
Act.  Subsequent  guidance  is  issued  by  the  Department  of  Defense  (DOD), 
Department  of  the  Army  (DA),  the  Corps  of  Engineers  (COE),  and  Engineer 
Divisions  and  Districts  responsible  for  project  execution.  The 
regulations  written  at  each  level  are  intended  to  establish  the 
policies  and  procedures  for  implementation  of  guidance  from  higher 
authori ty. 
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Normally,  guidance  issued  by  the  higher  authorities  tends  to  be 
more  general  in  nature  than  that  issued  at  the  lower  levels. 
Consequently,  laws  and  regulations  enacted  at  levels  above  the  Chief  of 
Engineers  have  little  impact  on  day-to-day  contract  admi ni st rat i on 
other  than  to  provide  a  legal  framework  within  which  regulations  issued 
at  lower  levels  must  comply.  The  regulations  impacting  most  on 
military  construction  include  Efts  and  District  regulations  listed  in 
the  bibliography.  While  they  prescribe  the  procedures  by  which  mods  to 
military  construction  contracts  are  to  be  administered,  they  will  not 
be  discussed  individually.  Instead,  the  next  few  paragraphs  center  on 
three  documents  which  summarize  all  these  other  regulations.  These  are 
Engineer  Pamphlet  (EP)  415-1-2  “Modifications  and  Claims  Guide”,  the 
"Construct  1  on  Contract  Negotiation  Guide",  and  a  locally  published 
"Resident  Engineers  Manual"  used  by  the  supporting  District.  Ihese 
provide  a  good  overview  of  how  the  procedure  is  to  work. 

EP  415-1-2,  the  “Modifications  and  Claims  Guide",  is  issued  as 
a  guide  only.  It  is  not  intended  to  supersede  any  regulation  or 
contract  requirement.  The  pamphlet  is  not  directive  in  nature.  Its 
purpose  is  to  "provide  a  single  source  definition  of  the  modifications 
and  claims  process  which  references  all  applicable  regulations  and 
relates  their  requirements  in  a  coordinated  manner.  "(1)  It  provides  an 
excellent  general  reference  document  which  clearly  summarizes  the 
essential  requirements  of  applicable  regulations.  The  pamphlet  orients 
on  those  contract  clauses  dealing  with  mods  and  claims.  It  covers  in 
detail  initiation  and  processing  procedures.  The  appendices  include  an 
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excellent  glossary  of  terms,  completed  sample  forms,  and  a  regulation 
reference  index.  This  pamphlet  is  an  outstanding  general  reference  on 
mod  and  claim  procedures  far  construction  contracts  administered  by  the 
Corps  of  Engineers, 


An  excellent  supplement  to  EP  415-1-2  is  the  “Construction 


Contract 

Negotiating  Guide".  (2) 

It  is 

prepared  by  the  Chief 

a-f 

Engineers 

office  as  a  training 

manual 

for  personnel  involved 

i  n 

contract 

and  mod  negotiations.  As 

such , 

it  also  is  not  directive 

or 

regulatory  in  nature.  There  is  some  overlap  between  the  material 
covered  in  these  two  documents.  For  example,  both  generically  discuss 
the  sources  and  types  of  modifications.  The  main  difference  is  in 
orientation.  Where  EP  415-1-2  focussed  on  administrative  procedures, 
the  Negotiation  Guide  concentrates  on  topics  related  to  negotiation  of 
fixed-price  contracts  and  mods.  It  includes  discussion  on  pricing 
objectives,  cost  and  profit  analysis,  negotiation  procedures,  and 
contract  controversies.  Like  EP  415-1-2,  this  book  is  an  outstanding 
reference  for  general  background  material. 

The  third  government  publication  is  District  Regulation 
415-2-1,  the  “Resident  Engineers  Manual".  It  provides  an  example  of 
how  higher  level  regulations  are  incorporated  into  operating 
instructions  at  the  District  level.  Unlike  the  preceding  two 

documents,  this  manual  is  directive  in  nature.  Its  purpose  is 

“to  present  and  prescribe,  in  one  publication,  the  basic 
duties,  responsibilities,  policies,  procedures,  and 
essential  information  for  guiding  Resident  Engineers  and 
their  staffs  in  administering  and  inspecting  construction 
contracts  under  their  jurisdiction”.  (3) 

The  manual's  applicability  is  limited  to  those  projects  under  District 
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control.  Researchers  studying  the  issue  of  sod  1 f I  cat i ons  within  other 
Districts  may  want  to  determine  if  a  similar  local  policy  document 
exists.  If  so,  it  can  be  a  valuable  source  of  information  on  local 
procedures. 

Three  general  sources  of  government  studies  were  found.  The 
first  was  the  U.S.  Army's  Construction  Engineering  Research  Laboratory 
<CERL)  which  has  published  numerous  papers  related  to  contract 
modifications,  two  of  which  were  used  in  this  study.  The  second  source 
was  the  Office  of  the  Chief  of  Engineers,  which  initiated  two  panel 
studies  to  evaluate  the  areas  of  installation  support  and  construction 
guality.  Lastly,  two  studies  were  found  which  the  Corps  had  contracted 
from  the  Texas  Aid  Research  Foundation.  These  dealt  with  the 
application  of  operations  research  techmgues  to  construction 
operations.  Each  study  will  be  discussed,  with  the  emphasis  on  those 
areas  relating  directly  to  the  issues  of  this  paper. 

The  findings  of  the  most  recent  CERL  study  were  released  in 
USA-CERL  Technical  Report  P-85/11,  ’’Ways  to  improve  Construction 
Contract  Modification  Processing:  USAFEA  Korea  Case  Study".  (4)  This 
case  study  was  completed  by  the  U.S.  Army  Facilities  Engineer  Activity 
(USAFEA)  in  Korea  and  summarizes  actions  tiken  by  that  agency  to 
improve  mod  processing  within  its  area  of  responsibility.  Broad 
application  of  the  findings  may  be  limited  since  many  of  the  problems 
identified  are  unigue  to  the  Korean  environment,  such  as  high  personnel 
turnover,  regulations  governing  materials,  the  language  barrier,  and  a 
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lack  of  computer  automation.  Furthermore,  most  of  the  projects  in 
Korea  consist  of  maintenance  and  repair  work  to  five-year  ''temporary” 


facilities 

still  in 

use  after 

25 

years . 

But 

many  of 

the 

recommendat i ons  can  be 

app 1  led  in  a 

general  sense. 

These 

l nc 1 ude 

the 

d l scussi on 

on  policies  concerning 

user 

requested 

changes 

,  destructive 

testing  to 

ver i f y  site 

conditions, 

the 

need  to 

perform 

oversight 

and 

f ol  1  ow-through  on  design  review  comments,  the  need  for  formal 
management  controls  on  mod  processing,  the  need  for  automated  mod 
tracking  systems,  and  the  need  for  increased  use  of  electronic 
commun 1  cat  1 ons . 

Another  CERL  document  was  published  in  Nay  1985.  This  was  the 
preliminary  draft  of  the  "Automated  Review  Nanagement  System 
(ARMS)”. (5)  This  paper  summarized  the  findings  of  a  Corps  wide  survey 
conducted  in  1983  and  the  results  of  numerous  field  visits,  workshops, 
and  interviews  in  1984  concerning  design  reviews.  The  paper  discusses 
the  link  between  good  reviews  and  reduced  modifications.  Those 
findings  which  pertain  to  this  study  include  statements  that  567.  of 
modifications  are  due  to  design  deficiencies,  that  too  little  time  is 
being  devoted  to  design  reviews,  and  that  current  review  procedures  are 
not  being  centrally  managed.  ARMS  was  designed  to  provide  a  menu 
driven  computerized  management  system  to  manage  review  suspenses, 
review  comments,  and  develop  a  design  review  data  base.  It  appears  to 
be  an  excellent  management  tool  with  broad  application. 

The  Chief  of  Engineers  published  the  "Report  of  the  Blue  Ribbon 
Fanel  on  Management  of  Construction  Quality  in  the  U.S.  Army  Corps  of 
Engineers"  in  March,  1983.  (6)  The  panel  s  mission  was  to  find  methods 


to  improve  the  quality  of  Corps  construct i on ,  effectiveness  of 
contractor  quality  control,  and  the  level  of  Corps  quality  assurance 
administration.  It  did  this  by  conducting  workshops,  interviews, 
questionnaires,  site  visits,  and  by  reviewing  previous  studies,  such  as 
the  Business  Roundtable  Reports.  Modifications  per  se  were  not 
specifically  addressed.  Instead,  the  study  focussed  on  general 
construction  quality,  and  addressed  issues  such  as  review 
effectiveness,  cross  training  between  Design  and  Construction 
personnel,  and  the  need  to  reduce  the  number  of  mods  and  change  orders. 

The  "Report  of  the  Green  Ribbon  Panel  on  U.S.  Army  Corps  of 
Engineers  Support  to  Army  Installation  Commanders"  was  prepared  by  the 
Chief  of  Engineers  in  March,  1985.  (7)  The  purpose  of  the  report  was 
to  recommend  initiatives  and  improvements  in  Corps  support  to  military 
installations.  The  report  does  not  directly  address  modifications  or 
their  impact  on  installation  support.  Much  of  the  report  echoes  the 
findings  of  the  Blue  Ribbon  Panel  completed  two  years  earlier.  The 
Green  Ribbon  Panel  report  emphasized  the  need  for  electronic  automation 
to  assist  in  installation  support.  It  highlighted  the  need  for  rapid 
funding  procedures  to  fix  deficiencies.  It  cited  the  need  for  better 
review  quality  and  the  importance  of  review  comment  feedback.  All  of 
these  issues  were  applicable  to  the  situation  observed  during  this 
study . 

The  Corps  contracted  for  two  studies  from  the  Texas  A&M 
Research  Foundation  in  the  late  1960's.  "A  Systems  Approach  to  Design 
and  Construction  for  the  Corps  of  Engineers"  was  published  in  May  1968. 
(8)  The  purpose  of  the  study  was  to  determine  the  method  of  operation 
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the  Corps  uses  to  accomplish  military  construction  and  to  structure 
this  operation  as  a  system.  The  study  did  an  analysis  of  the  military 
design  and  construction  mission  using  systems  engineering  techniques. 
The  study  identified  different  sources  of  mods.  Furthermore,  it 
prescribed  specific  solutions  to  the  problem  of  modification  reduction. 
Among  these  solutions  Mere  more  complete  reviews,  relief  from  statutory 
limitations  on  the  amount  of  money  set  aside  for  reviews,  and  the 
delegation  of  greater  authority  to  Resident  Engineers.  Though  somewhat 
dated,  this  study  provides  excellent  background  material  and 
recommendations  that  still  apply. 

The  second  study,  a  "Systems  Analysis  of  Corps  Design 
Engineering",  was  prepared  in  June  1969.  (9)  This  study  found  eight 
problem  areas  in  the  Corps'  design  process,  two  of  which  relate  to  the 
subject  of  this  paper.  These  are  the  areas  of  design  data  and  design 
review,  both  of  which  will  be  discussed  in  subsequent  chapters.  The 
major  strength  of  this  study  is  its  practical  recommendations  for 
solving  the  problems  identified.  Specific  findings  of  interest  here 
include  the  recommended  use  of  checklists  to  assist  in  reviews,  the 
need  for  and  means  of  providing  adequate  project  scope  definition  prior 
to  start  of  design,  and  the  lack  of  a  rational,  analytic  review  policy 
in  the  Corps. 

In  September,  1985,  the  Corps  of  Engineers  South  Atlantic 
Division  sponsored  a  forum  on  design  quality.  The  meeting  was  attended 
by  members  of  the  Division  as  well  as  representatives  from  numerous 
private  A/E  firms  routinely  involved  in  the  design  of  Corps  projects. 


The  forum  was  called  in  response  to  the  perception  that  design  quail  ty 


within  the  Savannah  District  had  diminished.  The  purpore  was  to  obtain 
A/E  opinions  as  to  the  significant  things  that  adversely  affect  the 
quality  of  the  product  they  provide  to  the  Savannah  District.  The 
results  of  the  forum  were  published  in  minutes  dated  3  September  1985. 
(10)  The  views  expressed  by  the  A/E  participants  in  many  ways  parallel 
observations  made  during  data  collection  for  this  study.  Specific 
problems  included  inadequately  defined  project  scopes,  lack  of  a  first 
rate  effort  on  design  reviews,  lack  of  A/E  involvement  in  field  work, 
failure  on  the  part  of  the  District  to  coordinate  and  edit  review 
comments  before  turning  them  over  to  designers,  and  a  lack  of 
continuity  in  review  when  different  individuals  review  projects  at  each 
design  stage.  Numerous  other  issues  were  discussed  as  well.  These 
minutes  provide  insight  as  to  the  perception  of  the  Corps  held  by  the 
private  engineering  community  and  how  that  perception  is  affected  by 
Corps  practices.  Although  the  forum  only  involved  the  South  Atlantic 
Division,  it  is  not  unrealistic  to  expect  A/E  firms  contracted  by  other 
districts  to  hold  similar  opinions  under  similar  circumstances. 
Hence,  the  results  of  that  forum  have  Corps  wide  applicability. 

Studies_from_Academi.c_Insti_tuti.gns: 

Four  master's  theses  were  found  that  addressed  the  issue  of 
contract  modifications  in  federal  construction.  The  first  was  written 
by  Henry  J.  Turowski  at  the  Naval  Postgraduate  Tchool  in  Monterrey  and 
titled  "Contractor  Quality  Control’'.  (11)  The  thesis  examined  the 
government's  contractor  quality  control  (CQC)  program.  Its  purpose  was 
to  research  the  attitudes  of  individuals  directly  involved  in  the  CQC 
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process.  Only  the  chapter  on  alternatives  to  the  CQC  program  directly 
related  to  the  issues  of  modifications  and  design  reviews.  Turowski 
discussed  using  good  design  reviews  as  a  means  of  improving 
construction  quality.  The  study  recommends  separate  design  review 
teams,  a  conclusion  which  corresponds  to  that  of  this  paper.  The  study 
also  calls  for  increased  designer  responsibility  and  involvement  in  the 
construction  process  once  a  project  begins.  Turowski  s  paper  only 
devotes  a  few  pages  to  topics  related  to  this  study.  However,  the 
information  in  those  pages  relating  to  design  reviews  are  in  keeping 
with  the  findings  of  this  study  and  will  be  discussed  further  in 
Chapter  6. 

Henry  J.  Rowland  completed  his  thesis  on  "The  Causes  and 
Effects  of  Change  Orders  on  the  Construction  Process"  while  a  student 
at  the  Georgia  Institute  of  Technology  in  November  1981.  (12)  The 
objective  of  his  study  was  to  highlight  complications  which  relate  to 
legal  disputes  in  construction.  A  secondary  objective  was  to  quantify 
the  causes  and  effects  of  contract  change  orders.  The  data  for  this 
second  objective  was  collected  from  projects  administered  by  the 
Southern  Division  of  the  Naval  Facilities  Engineering  Command.  In 
several  ways,  however,  the  study  is  disappointing.  The  causes  for  each 
of  the  types  of  modifications  are  not  identified.  The  author 
deliberately  selected  projects  for  study  which  had  many  modifications; 
consequently,  it  is  not  possible  to  calculate  a  meaningful  "average" 
number  of  mods  per  project.  Cost  growth  is  not  discussed  at  all. 
Finally,  it  is  the  opinion  of  this  author  that  the  paper  failed  to  meet 
the  objective  implied  in  the  title.  Instead  of  defining  the  causes  and 


effects  of  change  orders,  he  develops  general  "rules  of  thumb"  tor 
construction  projects.  But,  since  his  data  base  consists  of  only 
"problem"  projects,  the  general  applicability  of  these  rules  is 
suspect  Regardless  of  these  shortcomings,  much  of  the  raw  data 
Rowland  collected  on  construction  and  modification  costs  was  able  to  be 
processed  using  the  methodology  of  this  study.  This,  in  turn,  allowed 
for  an  " app 1 es- 1 o-app  1  es "  comparison  between  the  two  studies. 
The  purpose  of  James  R.  Rosmond's  work  on  "Analysis  of  Low  Bidding  and 
Change  Order  Rates  for  Navy  Facilities  Construction  Contracts"  is  to 
evaluate  what  effects  bidders  of  fixed  price  contracts  (government 
construction)  have  on  contract  prices  when  the  level  of  bidding 
intensity  increases.  (13)  His  basic  thesis  is  that  in  environments  of 
intense  competition,  contractors  are  willing  to  assume  more  risk  in 
preparing  estimates  in  order  to  be  awarded  contracts.  The  contractor 
may  then  attempt  to  improve  his  financial  position  by  the  use  of  change 
orders  after  construction  begins.  R osmond  draws  his  data  from  a  sample 
of  projects  administered  by  the  Western  Division  of  the  U.S.  Naval 
Facilities  Engineering  Com m and.  He  provides  a  good  discussion  on  the 
sources  of  modifications  and  on  the  use  of  "change  order  rates"  (cost 
growth)  to  assess  contractor  performance. 

The  last  study  was  an  "Examination  of  the  Constructi bi  1  i  ty 
Review  in  Government  Contracting"  by  Lloyd  S.  Finley,  Purdue 
University,  August  1984.  (14)  The  purpose  of  his  study  was  to  examine 
the  cons t r uc t i b i 1 i t y  review  process  in  construction  projects 
administered  by  the  Navy.  Finley  presents  data  collected  from  two 
construct i bi 1 i ty  reviews,  calculates  the  direct  and  indirect  costs  of 


the  reviews,  and  then  determines  the  benefits  derived  by  calculating 
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what  the  iteas  identified  during  the  review  would  have  cost  had  they 
been  left  in  the  contract  and  later  aodified.  Finley  makes  an 
excellent  case  for  the  cost  effectiveness  of  const  rue 1 1 bi 1 i t y  reviews. 
For  one  project,  the  benefit-cost  ratio  for  the  rpview  was  2.8  to  1. 
For  the  other,  it  was  28.4  to  1.  He  further  aakes  the  point  that 
reducing  mods  by  review  improves  the  overall  contract  aanageaent  effort 
by  improving  the  productivity  of  the  contract  adai ni strators .  He  also 
supports  the  use  of  review  checklists  to  provide  consistency.  His 
methodology  is  excellent,  and  could  be  used  to  evaluate  the 
effectiveness  of  construct i bi 1 i ty  reviews  anywhere.  A  major 
shortcoming,  however,  is  in  the  limited  data  base.  He  uses  the  data 
from  two  projects  to  draw  rather  sweeping  conclusions  about  the  value 
of  constructibi 1 ity  reviews. 

AEti.£i?s_fC9i_PC9f?s§i9Q§I_J9yCQ*].s_and_Hagazines! 

Journal  and  magazine  abstracts  were  reviewed  for  the  period 
1970-1985  for  articles  related  to  the  subject  of  construction  contract 
modifications.  One  was  found  in  Ihe_Hi 1 i t ar y.Engi neer ,  one  in  Engineer 
News_Re cord  ,  one  in  Ci v i 1 _Engi neer ing ,  and  two  in  journals  of  the 
proceedings  of  the  American  Society  of  Civil  Engineers  (ASCE).  An 
additional  article  was  found  on  a  standardized  review  checklist  in  a 
reprint  of  an  article  first  appearing  in  the  OP IC^Communi gue . 

The  article  in  Jhe_ Hi  I i t ary  Eng i neer  was  titled  "Productivity 
Improvement"  by  Dennis  L.  Ballou.  (15)  The  author  stated  that  one  of 
the  detractors  from  good  productivity  is  contract  disputes.  He  claimed 
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reducing  tine  to  settle  disputes  and  avoiding  litigation  is  essential 
to  increasing  productivity.  Sources  of  disputes  were  listed  as 
imprecise  specification  language,  ambiguous  drawings,  unknown  site 
conditions,  and  owner-initiated  changes.  The  author  did  not  address 
eliminating  the  sources  of  disputes.  Although  not  dealing  directly 
with  modifications,  much  of  what  the  author  says  about  the  relationship 
between  disputes  and  productivity  is  applicable  to  modification 
processing.  The  article  provides  good  background  material,  even  though 
not  directly  related  to  the  subject  of  this  paper. 

§D9iQ§§C_N?!!!f..!??99Cd  ran  a  very  short  article  titled  "Design 
Changes:  Tne  Largest  Cause  of  Overruns"  in  March  1975.  (16)  The 
article  cited  an  unnamed  Government  Accounting  Office  report  which 
studied  269  federal  projects,  most  of  them  construction,  that 
experienced  cost  overruns.  The  information  provided  on  the  study  was 
very  sketchy.  Of  interest  to  this  study  was  the  fact  that  417.  of  cost 
overruns  were  found  to  be  caused  by  design  changes.  59  projects  had 
cost  overruns  of  1007.  or  more;  47  of  these  were  administered  by  the 
Corps  of  Engineers.  Since  the  stud,  upon  which  the  article  was  based 
was  not  identified  and  therefore  could  not  be  reviewed  in  detail,  the 
applicability  of  the  limited  information  contained  in  the  article  was 
limited. 

The  "Forum"  section  of  C^yi_I  Engineer  ing  magazine  published  the 
comments  Walter  P.  Moore  delivered  at  a  keynote  address  to  the  1984 


annual  meeting  of  the 

American  Concrete 

Inst l tute. 

(17) 

Titled 

"Structural  Safety:  The 

Profession  at  a 

Crossroads" , 

the 

ar  1 1 c  I  e 

provided  an  excellent  discussion  as  to  why  civilian  engineer  firms  no 
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longer  have  time  to  perform  thorough  reviews  or  visit  project  sites. 
The  author  claims  the  prise  reason  tor  this  is  the  increased  "last 
tracking”  of  projects  to  save  time  and  the  reluctance  of  owners  to 
budget  the  necessary  time  and  money  for  reviews.  He  further  blames  the 
shift  of  supervisory  responsibility  from  the  architect  to  the  project 
owner.  The  applicability  of  this  article  to  federal  projects  lies  in 
the  fact  that  much  federal  design  is  done  by  civilian 
Architect/Engineer  (A/E)  firms  that  are  operating  under  similar  time 
and  budget  constraints.  Although  not  directly  related  to  this  study, 
Moore's  comments  provide  insight  into  some  of  the  problems  within  the 
private  engineering  community.  They  provide  an  interesting  supplement 
to  the  views  expressed  during  the  Design  Quality  Forum. 

Harvey  Kagan's  article  "How  Designers  Can  Avoid  Construction 
Claims",  Journal  _of  ..Professional  _lssues__in__Engi.neering  Df  the  ASCE 
provides  more  information  of  direct  interest  to  the  study  of  mods. (18) 
Kagan  divides  his  article  into  a  discussion  of  contract  documents  and 
shop  drawings.  In  his  discussion  of  contract  documents,  he  notes  that 
mods  are  often  the  result  of  standard  contracts  (such  as  those  use  by 
the  Corps).  He  claims  that  designers  often  do  not  read  the  clauses  of 
these  "off-the-shelf"  contracts.  The  result  is  contracts  containing 
conflicting  clauses  which  leads  to  later  claims.  He  emphasizes  the 
need  for  good  reviews  to  resolve  these  problems  early  in  the  design 
cycle. 

"Construction  Claims:  Frequency  and  Severity"  was  written  by 
James  E.  Diekmann  and  Mark  C.  Nelson  and  published  the  results  of  a 
study  they  completed  at  the  University  of  Colorado,  Boulder.  (19)  Data 
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on  «od  causes,  sources,  costs,  and  cost  growth  of  22  federally 
administered  projects  involving  427  claims  and  modifications  was 
presented.  The  Di ekmann-Nel son  study  found  design  deficiencies  to  be 
the  most  frequent  cause  of  construction  claims.  They  further  studied 
the  impact  of  project  size  and  design  agency  on  modifications.  Their 
approach  was  very  similar  to  the  methodology  employed  here  and  provided 
an  excellent  reference  for  comparing  their  results  with  those  of  this 
study. 

One  of  the  issues  raised  during  this  study  was  the  use  of 
review  checklists  to  assist  in  the  review  process.  Checklists  can  be 
an  aid  to  design  reviewers  in  conducting  their  reviews.  There  is  a 
problem,  however,  in  designing  such  a  checklist  that  is  flexible  enough 
to  cover  the  myriad  projects  the  Corps  administers  yet  is  detailed 
enough  to  be  of  any  use.  One  such  checklist  developed  to  meet  these 
criteria  is  "Redicheck".  In  an  article  written  for  the  Design 
Professionals  Insurance  Company  Communique  fipril  1984  issue,  William 
Nigro  described  what  "Redicheck"  was  and  what  it  could  do. (20)  He 
describes  "Redicheck"  as  "a  structured  review  system  which  provides  a 
logical  and  orderly  approach  to  checking  construction  drawings."  The 
system  is  designed  to  be  used  in  the  later  stages  of  design  to  assist 
in  coordinating  drawings  with  written  specifications  and  comparing 
drawings  dealing  with  one  design  discipline  with  those  of  another.  It 
is  not  a  technical  review,  and  is  not  intended  for  use  as  a  document 
review  within  any  one  discipline.  The  author  goes  on  to  provide 
guidance  on  how  the  system  should  be  used.  "Redicheck"  was  favorably 
referred  to  in  two  of  the  other  papers  surveyed  for  this  study.  Hence, 
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it  may  be  a  system  the  Corps  should  investigate  tor  use  on  their 
construction  projects. 

SUMMARY: 

This  chapter  provided  an  overview  of  existing  papers,  articles, 
studies,  and  reports  completed  over  the  past  15  years  and  relating  to 
the  research  objectives  of  this  study.  Whereas  numerous  authors  have 
addressed  some  aspect  of  construction  contracting,  relatively  few  have 
specifically  targeted  the  issues  examined  in  this  study.  Consequently, 
this  study  has  the  potential  to  make  a  significant  contribution  by  not 
only  adding  to  the  existing  data  base  on  mod  causes  and  costs  but  also 
by  tying  together  the  findings  of  these  various  other  studies. 
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CHAPTER  3 


METHODOLOGY 


General  : 

This  chapter  details  the  methods  and  procedures  used  during  the 
conduct  of  the  study.  All  project  data  was  obtained  from  primary 
sources,  such  as  contract  documents,  project  correspondence,  standard 
admi n i strat 1 ve  forms,  guest  1 onnai res,  and  discussions  with  individuals 
involved  with  modification  processing.  Secondary  sources  were  used  in 
the  review  of  previous  studies  and  writings  as  discussed  in  Chapter  2. 

Pot h  completed  and  ongoing  projects  were  selected  for  study. 
Projects  were  selected  from  an  arbitrarily  chosen  window  of  18  months 
running  from  1  January  1984  through  30  June  1985.  Specific  criteria 
for  project  selection  were: 

1.  All  projects  were  to  be  located  on  the  supported 
installation, 

2.  Completed  projects  must  have  been  finished  after 
1  January  1984. 

3.  Ongoing  projects  may  have  started  at  any  time  prior  to 
30  June  1985  providing  a  minimum  of  six  months  (as  of 
30  June)  passed  since  issuance  of  the  notice  to 
proceed  OR  the  project  was  scheduled  for  a  minimum 

of  50X  completion  as  of  30  June  1985. 

4.  Plans,  specifications,  and  project  files  for  all 
projects  had  to  be  available  at  the  Resident  Engineer 
Office. 

The  purpose  of  these  criteria  was  to  insure  all  projects  selected  would 
be  substantially  complete  by  the  time  this  paper  was  to  be  completed 
and  to  insure  project  files  would  be  readily  available. 


A  total  ot  25  projects  were  selected  based  on  this  criteria. 
These  projects  are  identified  throughout  this  paper  by  a  project  number 
(1  through  25).  Each  project  number  was  assigned  based  on  project 
start  date.  The  earlier  the  project  was  started,  the  lower  the  number 
assi gned . 

These  25  projects  represented  a  mix  of  five  MCA,  15  0HA,  and 
five  AFH  funded  projects  and  consisted  of  a  total  of  268  modifications. 
These  mods  included  778  individual  items  of  change.  Project  award 
amounts  ranged  from  $71,000  to  $8,000,000.  All  but  three  projects  were 
completed  as  of  the  date  of  this  paper.  As  stated  in  the  assumptions 
in  Chapter  1,  these  three  projects  were  considered  substantially 
complete  enough  to  be  included  in  the  study. 

There  were  three  other  projects,  however,  which  contain 
modification  costs  of  such  magnitude  that  they  distorted  the  findings. 
These  projects  were: 

Project  5:  Project  5  contained  a  $260,194  mod  to  remove 
asbestos  insulation. 

Project  15:  This  contract  was  issued  with  a  poorly  defined 
scope  in  an  hurried  attempt  to  take  advantage  of  year-end  funds.  The 
project  underwent  three  scope  revisions,  with  associated  modifications, 
after  work  began.  Project  cost  growth  totaled  $477,408  (892).  407.  of 
the  increase  was  due  to  user  requested  change*;  392  due  to  site 
conditions. 

Project  22:  Project  22  replaced  central  heating  and  air 
conditioning  in  family  housing  units.  After  the  contract  was  awarded, 
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a  design  criteria  change  was  issued  concerning  ductwork  1 nstal 1  at  1  on . 
This  change  cost  $319, 250. 

Combined,  these  account  tor  over  447.  ot  the  modification  cost 
for  all  25  projects  and  have  a  disproportionate  impact  on  the  overall 
results.  Conseguen t 1 y ,  unless  otherwise  noted,  the  high  cost  mods  and 
Project  15  were  deleted  from  calculations  in  the  remainder  of  this 
study . 

The  study  was  organized  into  three  phases,  each  of  which  is  the 
basis  for  one  of  the  three  following  chapters.  The  titles  of  these 
phases  are: 

1.  The  Causes  and  Costs  of  Modifications. 

2.  The  Preconstruction  Design  Review  System. 

3.  Comparison  of  Findings  with  Previous  Studies. 

Each  involved  a  different  research  methodology.  Mod  causes  and  costs 
were  determined  by  studying  information  contained  in  project  files  and 
contract  documents.  Data  on  the  review  system  was  collected  by  a 
questionnaire  distributed  to  District  personnel  involved  with  military 
construction.  The  comparison  of  findings  used  a  descriptive 

methodology  to  contrast  results  of  related  studies  to  the  findings  of 
this  study.  Each  methodology  is  described  in  detail  in  the  sections 
which  follow. 

N§thgdgLogy_fgr_Deterfluning_the_Cause5_and_Cgstsgf_Mgdificatigns^ 

Once  negotiated  and  agreed  to  by  the  parties  concerned, 
modifications  become  part  of  the  construction  contract.  Consequent!  , 
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the  teres  of  each  nod  were  usually  well  documented.  Most  of  the  data 
collected  in  this  segment  of  the  study  came  from  reviewing  project 
files.  Primary  information  sources  were  ENG  Forms  3938  and  3938-B 
(Contract  Modification  Proposal  and  Acceptance),  Standard  Form  30 
(Ammendeent  of  So  1 1 c 1 1 a t i on / Mod  1 f 1 c a 1 1  on  of  Contract),  memorandums  for 
record,  contractor  proposals,  shop  drawings,  and  other  documents  or 
cor r espondenc e  relating  to  each  project  studied. 

ENG  Form  3938  (Figure  1)  was  used  for  modifications  within  the 
approval  authority  of  the  resident  contracting  officer.  On  this  form 
were  recorded  the  details  of  the  changes  to  be  made,  the  total  cost  of 
the  changes,  and  any  changes  in  contract  time  negotiated  with  the 
contractor.  This  form  was  designed  to  be  a  bilateral  contract 
agreement  and  is  signed  by  both  the  contractor  and  the  resident 
contracting  officer.  It  then  becomes  part  of  the  contract.  ENG  Form 
3938-B  (Figure  2)  was  used  to  suppl emen t  the  information  contained  in 
Form  3938.  The  3938-B  was  used  to  record  the  reason(s)  why  the  change 
was  necessary  and  provided  a  brief  summary  of  the  negotiations  between 
the  contractor  and  the  government.  Standard  Form  (5F)  30  (Figure  3) 

was  used  for  modifications  outside  the  approval  authority  of  the 
resident  contracting  officer.  The  information  contained  was  similar  to 
that  of  Form  3938.  The  SF  30,  however,  was  signed  by  the  contracting 
officer  instead  of  the  resident  contracting  officer.  These  forms  were 
maintained  for  each  modification  to  each *  project.  Consequently, 
excellent  primary  sources  were  available  to  identify  individual  changes 
and  their  corresponding  cost. 
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CONTRACT  MODIFICATION  PROPOSAL  AND  ACCEPTANCE 

(Modification  of  kn  than  S50.000)  SX002 

Fo>yM9*ma  form,  am  ER  1110-M. 

T-7ssuTNC~o^TTci~i^  2.  contract  no.  '  3  modification  no 

MBMlii  HMiBBpi  :  P00001 


«  TO  /Co'irmcM>r>  "V  **OJ«CT  LOCATION  ANO  DESCRIPTION 

Inc  • 


«.  >4  proposal  u  re  oversea  for  mailing  turn  Afffi/M/rrr  dfJrnMd  err  ante  in  accordance  wan  specification  and  drawing  revision t  cited  herein  or  lined 
j-i  attachment  nemo.  Sutim.ii  vour  proposal  in  space  indicated  on  pate  2.  enact i  detailed  breakdown  of  prime  and  iu  Pc  on  tract  cons,  t See  the 
ijuv  of  mu  contract  entitled  '  Modification  Proposals  ■  Pnce  breakdown  )  DO  NOT  start  work  under  this  proposed  change  mill  you  receive  e 
asp  >  xtgned  by  the  Connecting  Officer  or  t  directive  to  proceed. 


_  _ _ 

uate  Typed  Name  end  Title  Signature 

~  DESCRIPTION  O R  CHANGE:  Pu meant  to  the  clause  of  this  contract  entitled.  "Oianges ".  the  contractor  shall  furnish  ad  plant,  labor  and 
ensteriai.  and  perform  aM  work  necessary  to  accomplish  me  fodowmg  described  work 

Reference  Contract  Drawing  Sheets  C 5  And  C7 :  Replace  existing  .Manhole  22-95  with  a 
nev  Manhole • 

Tine:  It  is  understood  and  agreed  that,  pursuant  to  the  above,  the  tine  cf 
performance  for  the  work  required  by  this  Contract  shall  remain  unchanged. 

Pevnent :  Due  to  the  changes  described  herein,  the  Contract  price  will  be  adjusted  in 
tee  amount  cf  SI, 533. CO  increase  and  is  designated  for  payment  purposes  as  follows: 


Item  No. 

Descrirtioa 

Unit 

"nit  Price 

Ann-cnt  Increase 

P0C0C1 

Replace  Vanhole 

Job 

Lusp  Sua 

$1, 588.00 

I  This  is  considered  full  and  ^ust  consideration  for  the  described  nodification  and  for 
•  any  and  all  effects  cf  the  nodification  on  the  Contract  as  a  whole. 

■  rounds  :  This  nodification  is  funded  'under  Appropriation  No.  2112050  106-9725 

PolCG  323026  MA106C10016200U. 


Except  as  hereby  Modified,  all  terms  end  conditions  of  said  contract  as  heretofore  Modified  remain  unchanged  and  m  full  force  end  effect. 

I  TH«f  r  — mi  moBHiMt»n  n  rwrmrr  tM  UNITED  ST  A  TES  O  F  A  M  ER ICA 

I  CONTRACTOR 

IS 


u? 

Date  Typed  Name  and  Tirte  Dart  Typad  Same  and  Title 

1  _ _ 

ENG  FORM  3938.  Jul  81  f omo*  o«  >7  i  ouolitl  .**01  Op.  >  ...» 

FIGURE  1 

Sample  ENG  Form  3938 
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contract  Moo;rr  :ion  proposal  and  acceptance 


(.'j\TR  itTI\G  OFFICFR  >’  i  OPY , 


•J  NCiK' 


*«o 


"ODi'KaI'OM  *0 

POCOOl 


5  ''jmCS  o  *C»  r«U  >amC»  '*»*  amOvjn<  >3» 


$1,588.00  Iaerfuw 


i«  MjCliJirr  *C«  :m*mCI  »mQ  KaIOm  »04  0/-'JS*ON  >*0»  »iamS  <M0  %HC  t>CAt‘Q**i 

Jecegalty  for  Chan c&:  Existing  aanbola  la  dilapidated. 

Reason  for  C*3lflaion  Troa  71a na  nod  gr^ciflcatiopa :  Kxjraical  condition  of  cnnhola 
mvi  not  known  untl  j  after  cODitffactloii  cofisneucecL. 


'  7  «fSUM«  Z*  SCOTIA  MO»«4  01  «ICO*AA>4A«OAriOH*  ‘Gv.trwmtml  rtprfrmnnn  > 


Segotlatlng  3epreaentatlvaa : 


Gorcrnpcgt: 

Contractor: 


The  condition  of  tha  mnhole  vaa  found  daring  tha  first  part  of  :»y  19Sb. 
Contractor  <u  verbally  requested  to  suhnit  a  proposal  to  repines  It. 


Eat 


The  Cootzactar  suhadtted  his  proposal  an  May  IS  198b  In  the  snuuat  of  $3,2b6.00  vlth 
no  day*  roquirwsent  for  a  Tina  Extension. 

Sines  tha  Caotznctar’s  paries  proposal  vaa  less  than  $25,000  and  the  pries  breakdown 
«a  In  sufficient  detail  to  disclose  tha  elanent  of  cost.  It  was  decided  to  uss  the 
pries  breakdown  to  deteraLne  an  equitable  adCuatacnt  aa  permitted  hy  3CI-l-372(a). 

Tha  pries  breakdown  vaa  reviewed  bpSMBMBBHB  on  23  May  198b.  Tha  review  revealed 
that  tha  Contractor  vaa  pricing  tha  replaceaent  of  two  (2)  aanholaa.  On  23  May  198b 
this  vaa  dlscuaaad  with  tha  Contractor  and  ha  vma  offered  $1,588.00  to  replace  tha  ai 
(1)  mnhole.  Tha  other  mnhole  has  deteriorated  but  is  considered  to  he  usable.  On 
31  'rky  l$8b  tha  Contractor  accepted  the  offer. 


In  sr  Judgeoant  tha  negotiated  price  Is  considered  equitable  and  reasonable. 
Extension  In  Contract  tlsa  is  not  warranted  aa  a  result  at  this  modification. 


Da'( 

b  Jun  3b 


fv*fc  maa*  AMO  rm*  Of  30v<*MM*Nr  >(A«f S(Mr«riVf 


Seal  dent  Contracting  Officer 


INQ-vm 

»f*  If*/ 


3934-8 


o«-ti  w-JH-a’ 


FIGURE  2 

Sample  ENG  Form  3938-B 
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AMENDMENT  OF  SOLICITATI^MODIF ICATION  OF  CONTRACT 

’ZXHEBSERTTmooTTTcat  Ton  m3" 


»TOOPI% 


j  J  C^F^CTi  vt  OATt 

See  31ock  16c 


6.  issuco  av 


CODE  I 

U.S.  Aray  Corps  of  Engineers 
Discric t 


W53VUV 


i^N+ll'ACT  ID  CUO£ 

w  J 

4.' 'flf  &UlS»TlON/PU« CHASE  nCQ.  NO. 


vz zr  Of  PAliL! 

1  12 

T75o7ZcT^o~i7?”*JpU(»»t»7" 


7>»CIITOOCCJBJCl80Cq//  ot*mr  (t\*i i  6; 


Renovate  4 


•  namC  Also  ADOfitSS  Of  CONTRACTOR  (No  .  ifr**r.  <o*n  ry .  2>u<«  «*4  Zli*  Co<Mj 


/ 

££do  REcaai  cc::tra£i  nir 


SB/SA/P/C 


.Pac.LiTv  CODE 


9A.  AMENDMENT  OP  SOLICITATION  NO. 


90.  OATEO  rS±.E  /T£M  i  /> 


!  10B  DATED  <S££  ;T£.U  J  J; 

I  33  Sep  30 


Nl  »  -P°Mb£  TO  AMENOMEM3  OF  SCL  C'TAT;CNS 


Ne  4Dov«  numoorw  loi'cmiion  '»  amaf>a*d  at  »«i  ‘ort*  •«  item  14  nour  ana  date  veci'itd  for  rece  ot  o*  Qff4f: 


1  1  'te«tenoaa  I _ !  >1  riot 


Often  mu»t  act  noweage  'eceiot  of  »*•*  *m«rvjm#ni  one 
a)  0v  comcetinq  Items  0  ana  »5  *n<3  returr 
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vided  and  revised  by  Request  for  Proposal  3XCC0  .a ted  30  May  1985,  as  hereafter  listed: 


(1)  Demolition;  Remove  existing  wood  framing  In  the  basement  not  suitable  for  reuse, 
as  directed  bv  my  field  representative. 

(2)  Complete  .ill  rough-ln  framing  for  additional  partitions  In  the  basement  as  shovn 
on  Sheet  5  referenced  above. 
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Six  causes  of  mods  Here  identified.  Each  item  of  change  was 
classified  under  one  of  these  six  categories  based  on  a  subjective 
evaluation  of  the  nature  of  each  change  item  usinq  the  criteria  defined 
below.  These  groupings  evolved  as  each  mod  was  reviewed!  they  were  not 
arbitrarily  identified  beforehand.  The  six  sources  of  mods  identified 
in  this  study  were: 

1.  Design  deficiency. 

2.  Unknown  site  conditions. 

3.  User  requested  changes. 

4.  "No  fault"  design  changes. 

5.  Value  engineering. 


6.  Other. 

Items  were  classified  as  "design  deficiencies"  if  it  were  clear 
the  change  was  due  to  faulty  design  or  other  er ror s/omi ss i ons  on  the 
part  of  the  designer.  For  those  instances  where  it  was  not  clear  if 
the  change  was  due  to  a  failure  on  the  part  of  the  designer,  the 
benefit  of  the  doubt  went  to  the  designer  and  the  item  was  placed  under 
one  of  the  other  categories.  Consequently,  this  category  was 
deliberately  designed  to  err  on  the  side  of  conservatism.  "Unknown 
site  conditions"  was  used  for  changes  resulting  from  site  conditions 
encountered  during  construction  different  than  those  expected.  This 
included  underground  conditions  such  as  unrecorded  utility  lines,  soil 
conditions,  or  bedrock.  It  also  included  situations  where  improvements 
to  existing  buildings  had  been  made  over  the  years  and  not  properly 
documented.  This  was  a  particular  problem  for  the  projects  of  this 
study  since  many  involved  renovation  of  existing  buildings,  some  of 
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which  were  almost  100  years  old.  "User  requested  changes"  were  those 
changes  initiated  by  the  individual  or  agency  that  would  ultimately  use 
the  facility.  "No  fault  design  changes''  included  changes  to  building 
codes,  changes  to  military  regulations  which  impacted  on  design,  or 
other  situations  where  events  outside  the  control  of  the  District, 
contractor,  or  user.  “Value  engineering"  changes  were  those  resulting 
from  the  Corps  of  Engineers  value  engineering  program.  Under  this 
program,  a  contractor  can  share  in  the  savings  the  government  realizes 
if  the  contractor  discovers  a  less  expensive  method  of  completing  the 
work  designed.  The  "other"  category  was  used  for  time  extensions  due 
to  poor  weather,  administrative  changes  to  contract  wording,  problems 
with  site  accessibility,  problems  caused  by  user  interference  with  work 
crews,  or  other  items  occurring  too  rarely  to  qualify  for  a  category  of 
their  own  and  not  readily  classified  under  one  of  the  other  headings. 

"Design  deficiencies"  were  further  analyzed  to  determine  in 
which  engineering  design  discipline  deficiencies  occurred.  All  changes 
due  to  design  deficiencies  were  classified  as  being  "architectural”, 
"civil",  "mechanical'',  "electrical",  structural",  or  "administrative". 
Thus,  a  basis  for  further  examination  of  the  problem  of  design 
deficiencies  was  established.  This  technique  also  provides  a  basis  for 
the  focus  of  design  review  effort. 

Analyzing  the  causes  of  change  was  done  in  two  ways.  The  first 
analysis  was  by  "items  of  change".  The  purpose  of  this  "item  of 
change"  analysis  was  to  identify  the  total  number  of  changes  and  their 
causes.  Every  mod  may  consist  of  one  or  more  individual  changes  to  the 
contract.  Multiple  changes  are  often  combined  under  one  contract 


modification  to  expedite  administrative  requirements.  Changes  within 
the  same  mod  may  have  different  sources.  For  example,  a  modification 
containing  seven  chanqes  may  have  three  due  to  design  deficiencies,  two 
due  to  site  conditions,  and  two  due  to  user  requests.  All  change  items 
were  treated  equally,  regardless  of  cost.  For  example,  a  design 
deficiency  costing  $10,000  was  considered  one  item  of  change;  a  no-cost 
administrative  change  in  contract  wording  was  also  considered  one  item 
of  change.  This  analysis  resulted  in  an  accurate  assessment  of  the 
causes  of  contract  changes  to  the  projects  studied. 

The  second  analysis  was  by  cost.  The  purpose  of  this  analysis 
was  to  determine  which  modification  sources  cost  the  government  the 
greatest  amount  of  money  and  to  determine  the  overall  direct  costs 
associated  with  mods.  Only  direct  costs,  as  charged  by  the  contractor, 
were  considered  in  this  analysis.  Recall  that  ENG  Form  3938  only 
contains  the  total  mod  cost:  it  does  not  record  the  cost  of  each  item 
of  change.  Consequently,  the  cost  per  change  for  mods  containing 
multiple  items  of  change  had  to  be  obtained  from  contractor  proposals 
(Figure  4).  These  proposals  were  submitted  by  the  contractor  when  the 
need  for  a  change  was  first  identified.  This  proposal  was  then 
negotiated  bilaterally  with  the  government  s  representative  and  a  final 
mod  price  established.  The  corrected  estimate  was  filed  with  the 
contract  documents.  This  combination  of  cost  and  "item  of  change1' 
analyses  provided  a  comprehensive  evaluation  nf  contract  mod  causes. 
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CONTRACTOR'S  PROPOSAL — CHANGE  IN  CONTRACT  PRICE 


(D«l*tUd  «<«ct  nlKErtm  i»HII  ••  I 


NOTE:  SIGN  ANO  KjTURN  ORIGINAL  AND  COMES:  RETAIN  ONE  CORY  TOR  YO UR  MIX 


NIT  INC  If  AW 

NfT  OCCMAW 

I  CAlCNOAt  OATS  INCtCASC 

»  326,761.38 

1 

1  268  DAT) 

PROPOSED  CHANCE  BLOC . 

66 

PROPOSED  CHANGE  BLDG. 

67 

Material : 

Material : 

Sheet  Metal 

$  586.74 

Sheet  Metal 

$  551.36" 

Insulation 

304.59 

Insular  ion 

228.38' 

Venting 

79.59 

Venting 

240.44' 

Relocate  Flue 

19.43 

Register  -  Grilles 

216.00 

Registers  -  Grilles 

277.00 

Electrical 

29.55 

Electrical 

9.69 

87%  Furnace 

60.00 

87%  Furnace 

60.00 

Water  Piping 

8.04 

2x4  Bracing 

18.00 

Material  Total 

$1,333.77 

Water  Piping 

8.04 

Material  Total 

$1,363.08 

Labor : 

Labor : 

Sheet  Metal  Worker 

Sheet  Metal  Worker 

127  Hrs.  3  $11. 00/Hr. 

$1,452.00 

59  Hrs.  3  511.00/Hr. 

$  649.00 

Insulation  Installer 

Insulation  Installer 

62  Hrs.  3  $14. 00/Hr. 

868.00 

44  Hrs.  ?  $14. 00/Hr. 

616.00 

Pipe  Fitter 

Pipe  Fitter 

4  Hrs.  3  $12. 11/Hr. 

48.44 

1  Hr.  3  $12. 11/Hr. 

12.11 

Electrician 

Electrician 

5  Hrs.  3  $9. 06/Hr. 

45. 30 

2  Hrs.  3  $9. 06/Hr. 

18.12 

Painter 

Painter 

2  Hrs.  3  $13- 54/Hr. 

27.18 

2  Hrs.  3  $13. 59/Hr. 

27.18 

Carpenter 

Labor  Total 

SI, 322.41 

3  Hrs.  3  $11. 53/Hr. 

34.59 

Labor  Total 

$2,420.51 

Pavroll  &  Benefits  Burden: 

Pavroll  &  Benefits  Burden: 

38.71 

$  936.73 

38. 7Z 

$  511.77 

SUBTOTAL 

$4,720.32 

SUBTOTAL 

$2,661.29 

Overhead : 

Overhead : 

15 . 262 

$  720.32 

15.26Z 

$  406.11 

SUBTOTAL 

S5.440.64 

SUBTOTAL 

$3,067.40 

Profit : 

Profit : 

10% 

$  544.06 

10Z 

S  306.74 

TOTAL  COST  PER  UNIT 

$6-.  330781 

TOTAL  COST  PER  UNIT 

$3,374.14 

TOTAL  COST  22  UNITS 

$131,633.40 

TOTAL  COST  30  UNITS  $101, 224. 20 

Estimating  Labor 

87  Hr. 

$13. 75/Hr.  $1,196.25 

Payroll  Burden 

38. 7Z 

462.44 

SUBTOTAL  $1,659.19 

Overhead 

15.26  2 

253.19 

TOTAL  $1,912.38 
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statistic 

used  to 

measure  mod 

cost  in  this 

study 

was 

project  cost 

growth . 

There 

is, 

however 

,  no  single 

method 

of 

calculating 

cost 

growth 

within 

the 

Corps 

of  Engineers. 

For 

the 

purposes  of  this  study,  cost  growth  was  calculated  fro*  direct  aod 
costs.  Cost  growth  was  expressed  as  a  percentage  and  reflected  how 
much  a  project  exceeded  the  original  contract  amount.  This  was 
calculated  by  first  adjusting  the  contract  award  amount  in  the 
foil owi ng  manner : 

Adjusted  Contract  Amount  =  (Award  Amount)  +  (Supplemental  Agreements) 

-  (Work  Deletions  or  Terminations) 

Supplemental  agreements,  work  deletions,  and  terminations  all  reflect 
changes  to  project  scope.  In  several  cases,  these  represented 
extremely  large  values.  Consequently,  failure  to  adjust  the  original 
contract  amount  to  allow  fur  scope  changes  resulted  in  an  inaccurate 
cost  growth  figure.  After  calculating  the  adjusted  contract  amount, 
cost  growth  was  found  in  the  following  manner: 

Cost  Growth  =  (Net  Mod  Cost)  /  (Adjusted  Contract  Amount) 

The  use  of  cost  growth  figures  provided  a  convenient,  standard  basis  of 
comparison  between  different  projects. 

Projects  were  also  analyzed  on  the  basis  of  project  size, 
project  type,  agency  responsible  for  design,  and  predesign  reviews  to 
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determine  if  any  correlation  existed  between  these  factors  and  mod 


sources  or  costs.  Project  sires  were  classified  based  on  adjusted 
contract  amount.  The  classifications  used  were  "less  than  $500,000", 
" $500 , 000 -$ 1 , 000 , 000 " ,  and  “over  $1,000,000",  These  sire  intervals 
were  selected  to  match  the  intervals  used  in  other  studies  to 

facilitate  comparison  of  findings.  Classification  by  project  type 
involved  grouping  projects  by  funding  source:  Operations  and 
Maintenance,  Army  (DMA),  Army  Family  Housing  (AFH),  and  Military 
Construction,  Army  (MCA).  Classification  by  designer  involved 

identifying  which  projects  were  designed  by  contracted,  private  A/E 
firms  and  which  were  designed  by  in-house,  government  employed 
engineers.  These  government  engineers  worked  for  either  the  District 

or  the  installation  s  Directorate  of  Engineering  and  Housing  ( DEH > . 

Each  of  these  agencies  had  the  option  of  designing  projects  using  their 
own  in- house  resources  or  contracting  the  design  out  to  civilian 
architecture  or  engineering  (A/E)  firms.  Each  of  these  three  items  was 
very  objective  in  nature  and  allowed  each  project  to  be  easily 
classified. 

Classification  under  the  fourth  factor,  predesign  review,  was 
more  subjective.  The  Corps  recognizes  five  types  of  predesign  reviews. 
These  are: 

Const  rue 1 1 bi 1 1 1 y  Reviews.  Conducted  to  insure  a  project 
can  be  built  as  designed. 

Technical  Reviews.  Conducted  to  insure  design  meets  all 
applicable  codes  and  technical  specifications. 

Using  Service  Reviews.  Conducted  by  the  user  in  the  early 
stages  of  design  to  insure  the  Design  meets  the  needs  of 
those  who  are  to  use  the  finished  facility. 
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Biddability  Reviews.  Conducted  to  insure  sufficient 
information  is  provided  to  tie  contractor  to  allow  a  bid 
to  be  submitted. 

Operability  Reviews.  Conducted  to  insure  that,  once  the 
project  is  completed,  the  design  allows  for  ease  in 
mai ntai nabi 1 1 ty  and  operability. 

Of  these,  only  the  first  two  were  considered  in  detail  for  this  study 
for  the  following  reasons.  Using  service  reviews  Here  not  evaluated 
because  those  reviews  are  normally  conducted  by  the  installation  DEH. 
Since  the  District  has  minimum  control  over  these  reviews,  they  were 
not  included  in  this  analysis.  Second,  the  supporting  District  did  not 
conduct  separate  biddability  and  operability  reviews  at  the  time  this 
study  was  conducted.  Those  items  pertaining  to  operability  and 
biddability  were  checked  as  part  of  either  the  construct! bi 1 i ty  or 

technical  review.  Consequently,  the  only  reviews  evaluated  were 

technical  and  cons tr uc t i b i 1 l t y  reviews  conducted  within  the  District. 

One  study  objective  was  to  determine  if  failure  to  conduct  any 
or  all  of  the  first  three  reviews  listed  above  resulted  in  a  noticeable 
change  in  project  cost.  Since  records  on  reviews  were  not  routinely 
kept  once  a  project  was  complete,  this  was  accomplished  by  interviews 
with  individuals  familiar  with  each  project  in  the  District  or  DEH. 

There  were  often  differing  perspectives  on  what  reviews  took  place  and 
on  the  detail  with  which  it  was  conducted.  For  the  purposes  of  this 

study,  if  anyone  in  any  of  the  contacted  agencies  attested  to  a  review 

having  taken  place  for  a  particular  project,  that  project  was 
classified  as  having  been  given  that  review.  Reviews  were  considered 
on  a  "yes"  or  "no"  basis  only;  no  attempt  was  made  at  this  point  to 
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establish  the  quality  or  depth  of  the  review  conducted.  Evaluation  of 
the  review  process  was  done  in  a  separate  phase  of  the  study  and  will 
be  discussed  in  the  following  section. 

Modification  costs  may  be  measured  by  ways  other  than  just 
direct  cost.  Negotiation,  design,  administration,  and  processing 
activities  all  consume  manhours  the  government  must  pay  for.  This 
study  was  to  quantify  the  dollar  amount  of  this  overhead  and  to 
determine  how  the  effort  expended  on  mods  impacted  on  overall 
productivity.  In  this  District,  the  personnel  responsible  for  mods 
were  the  same  people  responsible  for  new  project  design,  construction 
supervision,  and  quality  assurance.  Consequently,  any  time  spent  on 
modifications  is  time  not  spent  on  these  other  tasks.  Therefore,  if 
the  time  spent  on  mods  could  be  reduced,  overall  District  productivity 
woul d  be  i ncreased . 

The  District  maintained  a  cost  account  of  engineering,  design, 
and  overhead  for  modifications  to  each  project  beginning  at  the  time 
the  contract  was  awarded.  Cost  amounts  were  available  from  periodic 
reports  prepared  and  maintained  in  the  contract  administration  branch 
within  Construction  Division.  Costs  for  engineering  and  design  were 
maintained  separately  from  overhead.  However,  these  amounts  related 
only  to  costs  incurred  by  Engineering  Division.  They  did  not  reflect 
the  costs  incurred  by  Construction  Division  in  negotiations,  site 
investigations,  administrative  processing,  etc.  Such  costs  were 
accounted  for  under  a  general  "construction"  account  which  combined  all 
project  construction  related  costs  together.  Individual  modification 
costs  were  included  in  this  cummulative  total  and  could  not  therefore 
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be  established.  Consequently,  the  amounts  presented  for  overhead  are 
conservative  in  that  they  reflect  only  Engineering  Division  s 
administrative  costs.  They  do  not  include  costs  credited  to  the 
construction  account. 

Within  the  District,  engineering,  design,  and  overhead  costs 
were  accounted  far  b  v  project,  not  by  individual  modification.  The 
amounts  were  analyzed  by  taking  project  overhead  figures  and 
determining  the  average  cost  per  mod  and  the  average  cost  per  item  of 
change.  These  figures  were  then  statistically  analyzed  to  determine 
the  mean,  mode,  and  range  uu  both  a  “per  mod"  and  “per  item  of  change" 
basis. 

The  impact  of  mod  processing  on  productivity  was  determined  by 
a  one  of  the  questions  in  the  questionnaire  prepared  to  evaluate  the 
desgin  review  system.  The  questionnaire  is  discussed  in  detail  in  the 
following  section.  This  particular  question  listed  the  activities,  to 
include  modifications,  that  each  individual  could  be  expected  to  be 
involved  in  on  anv  given  day.  The  question  asked  the  respondent  to 
identify  how  much  time  during  a  typical  week  was  spent  on  each 
activity.  Responses  were  set  on  a  multiple  choice  format,  with  each 
choice  representing  a  range  of  percentages.  (See  question  #9,  Appendix 
6.)  The  intervals  were  arbitrarily  selected  at  0%,  17.-57.,  67.-10'/., 
IU-207.,  217.-307.,  317.-507.,  and  over  507..  The  resulting  information  was 
analyzed  by  taking  all  responses  from  a  particular  office  and 
converting  the  individual  responses  to  hours  out  of  a  40  hour  week. 
For  example,  if  one  individual  answered  that  he  spent  6 7. -10 7.  of  his 
time  on  mods,  that  was  converted  to  a  window  of  2.4  -  4.0  hours  per  40 
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hour  week.  The  lower  and  upper  -figures  of  this  window  were  summed  for 
all  respondents  from  the  same  office.  These  summations  were  converted 
back  into  percentages  by  dividing  each  by  the  total  number  of  available 
manhours.  The  following  example  illustrates  how  this  was  done  for  a 
hypothetical  office  with  four  people  providing  responses: 


TABLE  3 

Time  Spent  on  Modifications  (Example) 


Respondent 

Answer  Given 
on  Questionnaire 

Range  in 
Lower 

Hours 

Upper 

Total  Hours 
in  Week 

#1 

6'/.-  107. 

2.  4 

4 . 0 

40 

#2 

1  1  %  -  2  0 '/. 

4.4 

8.0 

40 

#3 

17.-  57. 

0. 4 

2.0 

40 

#4 

67.-107 

2.4 

4 . 0 

40 

Sums: 

9.6 

18.0 

160 

By  dividing  the  summed  lower  (9.6)  and  upper  (18.0)  ranges  of  hours 
each  by  the  total  available  manhours  (160),  it  is  estimated  that  this 
office  spends  between  6'/.  and  11 7.  of  its  available  manhours  on 
modifications.  This  calculation  was  performed  individually  for  each 
office  involved  with  mod  processing  or  design  and  gave  an  indication  of 
the  total  time  modifications  consumed  within  the  District. 

All  computations  were  performed  on  a  Texas  Instruments 
Professional  Computer  using  Lotus  1-2-3  spreadsheet  software.  Tables 
of  data  are  inclosed  in  the  appendices.  Lotus  1-2-3  was  also  used  to 
develop  graphs  and  charts  for  data  pr esen t a  .  i on .  These  figures  are 
presented,  where  appropriate,  in  Chapters  4  and  5. 

In  summary,  data  on  mod  causes,  costs,  and  sources  of  design 
deficiencies  were  collected  from  primary  source  documents,  including 
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construction  tiles,  cost  reports,  a  questionnaire,  and  individual 
discussions.  Mod  costs  were  analyzed  from  the  perspectives  of  direct 
dollar  cost,  indirect  cost,  and  the  diversion  of  manhours  away  from 
other  essential  tasks.  This  methodology,  consisting  as  it  did  of 
analysis  by  both  cost  and  items  of  change ,  provided  a  comprehensive 
assessment  of  the  cost  and  causes  of  contract  changes. 

The  data  collected  under  the  foregoing  methodology  led  to  the 
conclusion  that  the  primary  causes  of  modifications  on  the  projects 
studied  were  design  deficiencies,  user  requested  changes,  and  unknown 
site  conditions.  The  discovery  of  this  fact  led  to  an  analysis  of  the 
desiqn  review  system  used  by  the  supporting  District.  Detailed, 
thorough  design  reviews  are  a  major  factor  in  insuring  design  problems 
are  identified  and  corrected  before  construction  begins.  The  fact  that 
so  many  design  deficiencies  were  identified  indicated  possible  problems 
with  this  system.  Consequently,  it  was  decided  to  evaluate  the  review 
system  to  determine  where  those  problems  might  lie. 

Information  for  tne  evaluation  was  collected  by  questionnaire. 
The  purpose  of  the  questionnaire  was  to  obtain  data  from  which  to 
evaluate  the  preconstruction  review  process  within  the  District.  The 
objective  was  to  solicit  the  opinions  of  those  personnel  involved  in 
the  review  system,  both  at  the  supervisory  an.'  "worker"  levels. 

The  evaluation  was  based  on  an  analysis  of  three  primary 
components  of  the  review  system:  personnel  qua  1 i f z ca t i ons ,  time 
available,  and  system  organization  and  procedures.  Specific  items  of 
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interest  were  identified  within  each  of  these  components.  Opinions  on 
each  item  were  obtained  by  individual  questions.  A  total  of  4:> 
questions  were  asked.  Most  items  were  covered  by  multiple  questions 
asking  for  the  same  information  but  in  a  slightly  different  manner . 
This  redundancy  was  used  to  insure  a  reliable  representation  of  the 
respondents  opinion  on  each  item  was  obtained.  Redundant  questions 
were  separated  within  the  questionnaire.  A  summary  of  the  items  within 
each  component  and  the  specific  questions  addressing  each  item  is  shown 
in  Table  4.  A  copy  of  the  questionnaire,  with  a  summary  of  responses, 
is  at  Appendix  6. 

The  questionnaire  was  validated  by  distributing  six  copies  to 
District  employees  to  insure  questions  were  clearly  worded  and 
understood  by  recipients.  The  questionnaire  was  then  modified  and 
distributed  to  a  representative  sample  selected  from  those  offices 
within  the  District  involved  with  the  conduct  of  military  c onst r  >jc 1 1 on 
reviews.  71  questionnaires  were  originally  distributed.  Of  these,  15 
of  the  respondents  were  subsequently  found  to  have  no  direct 
involvement  with  reviews.  Their  q ues t i onn a i r es  were  discarded. 
Representation  from  Engineering  and  Construction  Divisions  as  contained 
in  the  remaining  56  questionnaires  was  as  shown  in  Table  5.  Table  c 
presents  a  further  breakdown  of  the  respondents  from  Engineering 


Division. 

Population 

statistics 

were  taken  from 

the 

District  s 

or gan l z  at l on 

chart. 

Population 

figures  included 

all 

author l 

:  ed 

engineers, 

architects, 

and  other 

professional  personnel 

( such 

as 

geol og i st s ) 

and  engineer 

technicians. 

Tempor  ar  y  hire, 

draftsmen  , 

and 

clerical  personnel  were  not  included. 
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TABLE  4 

Review  System  Components  of  Evaluation 


Specific  Questions 
Applying  to  Each 


Component 

Items  of  Interest 

Item  of  Interest 

Personnel 

Qual i Ei cat i ons 

Education 

#40 

Tr  ai  n  l  ng .  E>: p er  t !  se 

#4,5,22 

Practical  Experience 

#35,36,37,38,39 

Professional  Licensing 

#41,42,43 

Attitude  Toward  Reviews 

#16,17,26 

Time  A va l 1 ab 1 e 

Priority  of  Work 
lime  Required  vs 

#10,15,27 

Time  Available 

#6,7,8,14 

System  Organization 

and  Procedures 

Site  Visits 

I n cor por a t l on  of 

#11,12,28,29 

Comments  into  Desiqn 

#18,19,31 

Review  Checklists 

#21  ,33 

Review  Quality 

Continuity,  Feedback 

#34 

and  flow  of  Info 

#25,30,32 

Frequency  of  Reviews 

•23,24 

Estimate  Accuracy 
Familiarity  with 

#20  i  N  o  t  e 1 

Regulations 

#13  (Note) 

A  d  m  i  r  D  a  t  a 

Branch  and  Office 

«  1 

Note:  Analysis  showed  problems  in  the  interpretation  of  questions 

It  and  20.  Consequently,  the  responses  were  not  evaluated. 


TABLE  5 

Summary  of  Survey  Population  Sample  Both  Divisions 


Eng i neer i nq 

Division 

Construction 

D  l  v  l 

Project 

Constr 

En  q  r  D l v 

Manaqer  s 

Reps 

Rsdnt  Oft 

CD-  I 

Sample:  29 

10 

6 

5 

6 

Popu 1  at l on  :  88 

23 

10 

9 

7 

X  of  Pop:  277.  (421 

i>  4.37 

607 

567 

86  7 
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TABLE  6 

Representation  From  Engineering  Division 


Branch  and 

Section 

Samp  1  e 

Popul at i on 

Sample  as  7. 
of  Population 

Design  Branch: 

Mech/El ec 

7 

15 

4  7  7. 

Gen  Struct 

4 

10 

407. 

Arch 

7 

9 

787. 

Est /Specs 

6 

19 

327. 

Res  Struct 

3 

1  1 

2  7  7 

Fndtns/Mtrls  Branch: 

Local  Pr  ot  ec  1 1  on 

1 

12 

87. 

Geol oqy 

1 

12 

87. 

Totals: 

29 

88 

2  77 

Less  Fndns/Mtrl  Br 

i  i.  / 

64 

4  27 

Responses  were  analyzed  by  response  group.  The  purpose  of 
classifying  responses  by  response  group  was  to  determine  differences  in 
perceptions  of  the  various  issues  being  examined.  Five  response  groups 
were  identified;  two  from  Engineering  Division  and  three  from 
Constriction  Division.  Engineering  groups  consisted  of  project 
managers  and  engineers  in  other  branches  involved  in  reviews. 
Construction  Division  groups  included  construction  field 
renresentatives  woriing  on  installation  projects,  personnel  from 
quality  assurance  branch,  and  office  engineers  and  technicians  from  the 
resident  office. 


A  respondent  profile  by  job  area  is  presented  in  Table  7. 


Slightly  over 

507.  came 

from  Engi neer i ng 

Division, 

the  aqenc  y 

r espons i b 1 e  for 

design  and 

technical  review. 

307  were 

construct] 

i  on 

r  epr  esent  at i ves  , 

resi dent 

office  personnel,  and 

personnel 

from  q  u  a  1 ; 

i  t  y 

assurance  branch 

.  These  i 

n  d i v i d  u  a 1 s  all  fall 

under  the 

Construct i 

i  on 

D i vision, 


and  share  responsibility  for  construct  1 bi 1 1 ty 


revi ews. 


Project  managers  comprised  the  remaining  18'/.. 

TABLE  7 

Respondent  Profile  (Question  1) 


Office,  Branch 
■  Job  Descr i pt i on 

Percentage 

Respondents 

Engineering  Division 

51.8/1 

Project  Managers 

17.97. 

Qual l ty  Assurance 

10.7  7. 

Construction  Representatives 

10.77 

Rcsi dent  Office 

8. 97 

Responses  were  tabulated  manually.  The  tabulated  data  was  then 
entered  into  a  TI  professional  computer  (PC)  using  Lotus  1-2-3 
spreadsheet  software.  Tables,  bar  qrapns,  and  pie  charts  were  used  to 
summarise  the  findings.  These  findings  are  discussed  in  detail  in 
Chapter  5. 

Methadolggy_fcr_Cgmgaring_Fi_ndings_withOther_StudiesL 

The  purpose  of  identifying  other  studies  was  to  determine  if 
the  findings  of  this  study  were  unique  to  the  installation  or  District 
from  which  collected  or  universally  applicable  to  the  Corps  of 
Engineers  as  a  whole.  Chapter  2  discussed  the  secondary  sources  of 
previously  completed  papers  reviewed  tor  the  purpose  of  making  that 
comparison.  The  comparison  was  made  by  identifying  the  key  issues  of 
this  study  and  comparing  the  findings  pertaining  to  those  issues  with 
the  findings  of  the  other  studies.  General  trends  were  thereby 
established  where  possible  for  the  three  other  segments  of  the  study. 

C  T 
J  .> 


This  analysis,  by  its  nature,  was  more  descr  i  p  1 1  ve/qua  1  1 1  at  1  ve  than 
quantitative.  From  this  analysis,  it  could  be  determined  which 
findings  appeared  to  be  unique  and  which  appeared  to  be  part  of  the 
overall  nature  of  military  construction.  These  compari sons  are 
discussed  in  detail  in  Chapter  7. 

Summary . 

This  study  consisted  of  three  distinct  phases,  each  of  which 
required  a  different  methodology.  The  first  part,  Causes  and  Costs  of 
Modifications,  required  examination  of  project  source  documents  to 
obtain  data  on  individual  items  of  change,  reasons  for  each  change,  and 
the  cost  of  each  change.  Additional  data  was  obtained  from  management 
reports  on  indirect  overhead  costs.  The  second  part,  Evaluation  of  the 
Design  Review  System,  involved  collecting  by  questionnaire  and 
ami/zing  opinions  on  specific  issues  of  those  individuals  involved 
with  the  review  system.  Lastly,  a  descriptive  method  was  used  to 
compare  the  findings  of  this  study  to  those  of  previous  studies.  The 
use  of  all  of  these  methods  provided  a  detailed  inquiry  into  the 
overall  modification  picture  as  it  applies  to  military  construction. 


4 


CHAPTER  4 


CAUSES  AND  COSTS  OF  CONTRACT  MODIFICATIONS 


General^ 

This  chapter  identifies  the  causes  and  costs  of  sod  1 f 1  cat  1 ons 
to  the  25  projects  studied.  It  addresses  the  following  research 
objectives: 

1.  identify  the  causes  of  me J i f l cat l ons  to  military 
construction  projects. 

2.  determine  direct  modification  costs  for  the 
projects  studied. 

3.  determine  the  indirect  costs  associated  with 
modification  processing. 

4.  identify  the  level  of  cost  growth  for  DMA,  MCA, 
and  AFH  projects. 

Modifications  were  classified  as  being  caused  by  design 
deficiencies,  unknown  site  conditions,  user  requests,  "no-fault"  design 
changes,  value  engineering  proposals,  or  "other".  The  "other"  category 
included  no  cost  administrative  changes  to  contract  wording,  time 
extensions  due  to  bad  weather,  occupant  interference  with  contractors, 
and  additional  items  not  covered  under  the  first  five  classifications. 
Items  of  change  within  each  modification  were  analyzed  and  classified 
individually.  The  cost  per  item  of  change  was  determined  from  Eng  Form 
3938  and  written  contractor  proposals.  This  approach  allowed  a 
thorough  analysis  of  causes  due  to  change  items  as  well  as  the  cost  of 
those  changes. 
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The  remainder  of  this  chapter  is  organized  in  the  following 
manner.  The  causes  of  modifications  for  projects  studied  are  presented 
in  the  next  section,  along  with  a  discussion  of  design  disciplines 
contributing  most  to  design  deficiencies.  Modification  cost  and 
project  cost  growth  are  discussed  next.  Subsequent  sections  correlate 
cost  growth  with  preconstruct  1  on  reviews,  project  type,  project  size, 
and  responsible  design  agency.  The  final  section  is  a  chapter  summarv. 

ModificationCauses. 

Appendix  2  contains  tables  showing  the  causes  of  modifications 
by  cost  and  by  item  of  change,  per  project.  Figure  5  summarizes  the 
data  from  the  cost  tables.  The  primary  sources  of  mod  cost  was  found 
to  be  design  deficiencies  (36.37.1,  user  requested  changes  (22.  37.1,  and 
unknown  site  conditions  (21.87. 1. 

Figure  6  summarizes  the  results  of  the  analysis  by  items  of 
change.  Design  deficiencies  were  found  to  make  up  33.27.  of  all  items 
of  change,  followed  by  unknown  site  conditions  (27. 4 Z )  and  user 
requested  changes  (21.77.1.  Recall  from  the  previous  chapter  that  the 
percentages  shown  in  both  figures  for  design  deficiencies  are 
conser  vat l ve . 

A  comparison  of  mod  causes  by  cost  and  change  item  is  shown  in 
Table  8.  Design  deficiencies,  unknown  site  conditions,  and  user 
requested  changes  are  the  three  main  causes  of  mods  in  both  categories; 
together  they  make  up  807.  of  mod  costs  and  837.  of  all  items  of  chanqe. 
The  significance  of  this  is  that  these  mod  causes  are  those  which 
should  be  most  influenced  by  thoroB^h  preconstruction  reviews. 


Figure  cj 

Sources  of  Modifications  by  Cost 
Less  High  Cost  Hods  and  Project  15 


F  1  q  u  r  e  a 

Sources  of  Modifications 
By  Itess  of  Change 


OTHEK  (8.2*) 


./ 

L>SGN  DEF  (33.2*) 


Table  8 

Comparison  of  Modification  Sources 
Cost  versus  Items  of  Change 


Cause  of 

Modi f l c  at i on 

Percent 
by  Item 
of  Chanqe 

Percent 
of  Total 
Mod  Cost 

Design  Deficiency 

33.27. 

36.37. 

User  Requested  Changes 

21 . 71 

22.3  % 

Unknown  Site  Conditions 

27.4% 

21.8% 

Design  Changes 

8.4% 

6.2  % 

Value  Engineering 

1.0  % 

0.57. 

Other 

8.27. 

12.8% 

Causes.gf^Design_ Deficiencies: 

From  the  analysis  done  to  determine  the  design  disciplines  in 
which  design  deficiencies  occur,  archi tectural  items  were  found  to  have 
made  up  the  largest  share  of  design  def i c 1 enc i es .  These  findings  are 
tabulated  at  Appendix  3  and  summarized  in  Table  9.  This  analysis  was 
also  done  on  the  basis  of  both  items  of  change  and  cost.  The  figures 
show  architectural  items  accounting  for  41.7V.  of  design  deficiency 
items  of  change  and  57.57.  of  design  deficiency  costs.  Typical 
arch l tec tur a  1  modification  items  included  location  of  non-load  bearing 
walls,  errors  in  door  and  window  schedules,  changes  to  finishes, 
improperly  specified  hardware,  casements,  cabinets,  and  improperly 
sized  door  frames.  Deficiencies  in  mechanical  design  comprise  the  next 
largest  portion,  accounting  for  23.67.  of  cost  and  25.47.  of  chanoe 
items.  Typical  mechanical  problems  included  conflicts  with  ductworf 
routing  and  structural  elements,  HVAC  design,  and  improperly 
designed/routed  interior  plumbing  systems.  Electrical  deficiencies 
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«  a  k  e  up  12.57.  of  change  items  but  only  5.97.  of  cost.  Structural, 
civil,  and  administrative  changes  together  account  tor  the  remaining 
20.47.  of  change  items  and  13.07.  of  cost.  It  is  concluded  fro#  this 
that  had  reviews  placed  greater  emphasis  on  the  architectural  and 
mechanical  aspects  of  design  significant  cost  growth  savings  may  have 
been  real i zed. 


Fable  9 

Disciplines  in  Which  Design  Deficiencies  Occur 


Desi gn 
Discipline 

Percentage  by 

Cost 

Percentage  by 
Items  tf  Chanqe 

Archi tectural 

5  7.57 

41.77. 

Mechani cal 

23.67. 

25.4  7. 

Electrical 

5.97. 

12.57. 

Structural 

5.97. 

1  0 . 4  7. 

Civil 

7.1/. 

5.07. 

Admin  Changes 

- 

5.07. 

C o s 1 5  were  measured  in  three  ways.  The  first  was  direct  cost. 
This  is  the  amount  the  government  pays  to  the  contractor  as 
compensation  for  work  performed.  It  includes  labor,  materials,  profit, 
and  impact  items.  The  second  measurement  was  indirect  costs  incurred 
by  the  district,  which  include  overhead  for  modification  design, 
processing,  negotiations,  and  other  administrative  tasks  consume 
employee  time  accounted  for  under  various  cost  codes.  The  third  method 
evaluated  the  effort  expended  in  mod  processing  because  time  spent  on 
modifications  is  time  not  available  tor  construction 


inspection,  design,  reviews,  and  other  tasks. 


Thus  , 


modification 


processing  has  a  direct  effect  on  district  productivity. 

Using  these  three  cost  measurement  techniques  provided  a 
comprehensive  assessment  of  overall  modification  cost.  There  are, 
/  however,  two  additional,  intangible  costs.  These  are  the  loss  of 

customer  satisfaction  and  damage  to  the  Corps'  professional  reputation. 
These  nonquan t 1 f 1 ab 1 e  costs  wilt  be  discussed  further  in  Chapter  6. 

The  25  projects  studied  represent  total  contract  amounts  of 
almost  26  million  dollars.  Total  direct  modification  costs  amounted  to 
almost  2.4  million  dollars,  for  an  overall  cost  growth  of  9.47.. 

A  frequency  distribution  of  the  number  of  individual  projects 
falling  within  various  cost  growth  brackets  is  shown  in  Figure  7. 
Recall  that  in  Chapter  1,  "acceptable"  levels  of  cost  growth  were 
assumed  depending  on  project  scope.  These  levels  were  37.  for  new, 
"from  the  ground  up"  projects,  571  for  new  work  in  existing  buildings  or 
non-complex  renovation  work,  and  107.  for  renovation  work  involving 
complex  mechanical  or  electrical  work  in  older  buildings.  Figure  7 
shows  that  12  out  of  24  projects  (507.)  exceeded  these  acceptable  cost 
growth  levels.  This  represents  more  than  an  expense  to  the  taxpayer. 
Excessive  cost  growth  reduces  customer  satisfaction,  degrades  the 
Corps'  professional  reputation,  and  decreases  district  productivity  by 
diverting  manhours  from  design,  reviews,  .inspections,  and  other 
activities. 

Controlling  direct  cost  can  result  in  substantial  savings. 
Table  10  illustrates  how  much  may  have  been  saved  if  cost  growth  on 
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personnel  in  the  district's  Construction  Division  were  accounted  to  a 


general  "construction"  account  and  was  impossible  to  trace  to 
individual  projects.  Consequently,  actual  indirect  costs  are  much 
higher.  A  summary  of  engineering,  design,  and  overhead  costs  is  at 
Appendix  5. 


Table  10 

Potential  Savings  From  Control  of  Direct  Cost  Growth 


PROJECT 

NUMBER 

ADJ  C0NTR 
AMOUNT 

ACTUAL 

GROWTH 

COST 

ACCEPTABLE 

COST  GROWTH 

POTENTIAL 

SAVINGS 

1 

* 

796,000 

*140,390 

(17.67.) 

* 

79,600 

(107.) 

* 

60,790 

2 

t 

83,000 

*  10,467 

(12.67.) 

* 

4,150 

(57.) 

* 

6,317 

3 

*4 

,637 , 000 

*235,468 

(  5.17.) 

*139,110 

(37.) 

* 

96,358 

6 

* 

224,576 

*  24,115 

(10.77.) 

« 

11,229 

(57.) 

* 

12,886 

10 

* 

79,191 

*  5,814 

(  7.37.) 

* 

3,960 

(57.) 

* 

1,854 

1  1 

* 

488,970 

*  55,632 

(11.47.) 

* 

24,449 

(57.) 

* 

31,184 

13 

t 

209,603 

*  27,539 

(13.17.) 

* 

10,480 

(57.) 

* 

17,058 

1-5 

t 

860,518 

*161 ,420 

(18.87.) 

* 

86,052 

(107.) 

* 

75,368 

16 

* 

207 ,500 

t  25,145 

(12.  17.) 

* 

10,375 

(57.) 

* 

14,770 

17 

* 

411,373 

*  52,320 

(11,87.) 

* 

20,569 

(57.) 

* 

31,751 

20 

* 

267 , 000 

*  19,367 

<  7.37.) 

* 

1  3 , 350 

(57.) 

* 

6,017 

23 

* 

505,742 

*  53,098 

(10,57.) 

* 

25,287 

(57.) 

* 

27,811 

TOTAL: 

*3 

82,164 

IF  HIGH  DOLLAR  MODS  AND  PROJECT  15  ADDED: 

5  *4,666,590  *41  1  ,844  <  8.87)  *233,030  < 5 */. )  *178,515 

15  t  536,300  *477,408  (89.07.)  *  53,630  (107.)  *423,778 

22  *1,247,433  *331,873  (26.67.)  *  62,372  (57.)  *269,501 


TOTAL  *871,794 

GRAND  TOTAL  *1 ,253,958 


An  attempt  was  made  to  correlate  indirect  costs  with  other 
variables  such  as  project  size,  design  agency,  and  project  type.  No 


correlation  with  any  of  these  variables  was  found.  Engineering, 


d  e  s  l  q  r< ,  and  overhead  costs  per  item  ot  change  averaged  $165;  costs  per 
modification  averaged  $483.  figure  8  is  a  frequency  distribution 
showinq  the  number  of  items  of  change  falling  into  each  of  six  cost 
brackets.  The  graph  shows  how  many  projects  had  an  average  indirect 
cost  per  item  of  change  falling  between  the  brackets  shown.  The  mode 
was  for  projects  to  have  their  average  cost  per  item  of  change  for  E ^ D 
and  overhead  to  be  less  than  $100.  There  is,  however,  no  consistent 
pattern  for  items  outside  this  range.  figure  9  is  a  similar 
distribution  but  presents  the  cost  per  modification.  Again,  the 
vertical  axis  indicates  how  many  projects  had  an  average  cost  per  mod 
falling  within  the  designated  brackets.  As  can  be  seen,  no  clear 
pattern  is  discernible.  The  conclusion  drawn  from  this  is  that 
engineering  design  and  overhead  costs  appear  to  be  a  function  of  mod 
design  complexity,  which  varies  with  each  mod i f i ca t i on .  Hence, 
gener a  1 l r at i ons  concerning  relationships  between  these  costs  and  other 
factors  cannot  be  made. 

Modification  cost  may  be  measured  in  terms  other  than  dollars. 
Mods  consume  numerous  manhours  of  personnel  (other  than  design) 
involved  in  mod  processing.  An  estimate  of  how  much  time  was  involved 
was  made  by  asking  those  involved  in  mod  processing  to  identify  what 
percentage  of  a  typical  week  was  spent  on  various  activities,  to 
include  modification  processing.  Within  the  supporting  District,  the 
three  offices  showing  the  most  effort  expended  on  mods  were  the 
resident  office  (217.  to  357. );  design  branch  (6  7.  to  137.);  and  quality 
assurance  branch  (127.  to  2  0  X )  .  The  time  consumed  bv  mod  processing  in 
the  resident  office  is  often  cited  as  the  reasons  other  essential  work, 
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such  as  constructibility  reviews,  is  not  done  in  the  detailed  manner 
that  it  should  be.  While  the  ranges  for  design  branch  and  quality 
assurance  are  probably  not  excessive  considering  overall  work  load, 
they  do  represent  a  significant  amount  of  time  that  could  more 
productively  be  spent  on  design  or  design  review. 

Figure  8 

Frequency  Distribution  of  Engineering,  Design,  and  Overhead 
Cost  per  Item  of  Change 
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hich  reviews.  There  were  often 
-views  took  place  for  a  given  project 
urpo5es  of  this  study,  if  anyone  in 
ted  to  a  review  having  taken  place 


for  a  particular  project,  that  project  was  classified  as  having  been 
given  that  review.  Reviews  were  considered  on  a  "yes  or  no"  basis 
only.  No  attempt  was  made,  at  this  point  in  the  study,  to  establish 
the  quality  of  the  review  conducted. 

Table  33  of  Appendix  4  indicates  21  projects  were  reviewed  for 
constructibility,  technical  sufficiency,  and  using  service 
requirements.  Four  projects  (including  Project  15)  are  shown  as  having 
one  or  more  of  these  reviews  missing.  Projects  which  received  all 
three  reviews  show  mod  costs  amounting  to  4 . 7 '/.  of  their  summed  contract- 
bid  amounts.  Projects  not  receiving  all  reviews  show  a  cumulative  cost 
growth  of  35.6'/..  When  adjusted  by  deleting  Project  15,  this  percentage 
drops  to  15.4V..  Thus,  it  may  be  concluded  that  projects  which  are  not 
carefully  reviewed  for  technical  sufficiency,  c on st r uc t ab l 1 i t y  ,  and 
u s s r  serviceability  tend  to  result  in  higher  overall  cost  growth. 

The  histograms  at  Figures  10  ana  11  provide  a  frequency 
distribution  of  cost  growth  for  projects  receiving  and  not  receiving 
all  three  reviews.  Figure  10  shows  that  the  four  projects  not 
receiving  all  three  reviews  exceeded  acceptable  cost  growth  levels. 
Figure  11  p rev  : s  a  frequency  distribution  for  projects  having 
received  all  ''rep  r  e  v  .  e  w  s  nlthough  the  overall  cost  growth  for 
reviewed  projects  i  vif r  than  the  cost  growth  for  non-revieweu 
projects,  nine  . t  the  .1  re.iewed  projects  still  had  unacceptably  high 
levels  of  ci-st  growth  This  may  indicate  that  preconstruction  reviews 
were  not  conducted  with  the  same  degree  of  thoroughness  for  all 
projects,  and  did  not  consistently  result  in  precluding  problems  before 
construe  1 1 on  began . 

bb 
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Figure  10 

Cost  Growth  oF  Projects  not  Receiving  all  3  Reviews 


Figure  11 

Cost  Growth  oF  Projects  Rece.ving  all  3  Reviews 


&~7\  acceptable: 
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Table  11  presents  a  comparison  of  the  causes  of  modifications 
as  a  function  of  review.  Projects  receiving  all  three  reviews  show  a 
significantly  lower  percentage  of  cost  growth  (33.77.)  due  to  design 
deficiencies  that  do  nan-reviewed  projects  (50.27).  There  is,  however, 
only  a  modest  decrease  in  problems  with  unknown  site  conditions  (28.77 
to  20.57).  Consequently,  it  may  be  concluded  that  reviews,  as 
currently  conducted,  do  not  adequately  reduce  the  effects  of  cost 
growth  due  to  problems  with  site  conditions  and  user  requested  changes. 
The  problem  with  site  conditions  was  probably  due  to  a  lack  of  site 
visits  conducted  as  part  of  the  design  and  review  process,  while  poor 
project  scope  definition  was  a  major  contributor  to  user  requested 
mod i f i cat i on s .  This  appears  to  be  most  significant  with  loosely 
designed  11  year -end-crunch "  projects  (such  as  Project  15). 


Table  11 

Causes  of  Modifications 
Correlated  by  Review 


Percentage  of  Mod  Cost 


Modi f i c  at i on 

Causes 

Pro j ec  t  s 

Recei vi ng  all 
Three  Rev i ews 

Projects 

Not  Receiving 
al 1  Three  Revi ews 

Design  Deficiency 

33.  77. 

50.27 

User  Requests 

15.07 

4.57 

Site  Cond i t i ons 

20.  57 

28.77 

Design  Changes 

6.57 

4.57 

Value  Engineering 

0. 67 

0.27 

Other 

13.07 

12.07 

NOTE:  The  quality  of  the  review  conducted  was  not  considered 

at  this  point  in  the  study. 
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QostCorrelationb^ProjectTyg?- 


The  25  projects  studied  contained  three  different  types  oT 
projects.  These  were  Army  Family  Housing  (AFH);  Military  Construction, 
Army  (MCA);  and  Operation  and  Maintenance,  Army  (OMA).  Five  oT  the 
projects  studied  were  AFH,  Five  Mere  MCA,  and  15  were  OMA.  One  of  the 
|  live  MCA  projects  is  minor  MCA  which,  Tor  the  purposes  oT  this  study, 

will  be  treated  as  MCA.  Table  34  oT  Appendix  4  contains  data  Tor 
projects  categorized  under  each  project  type. 

Cost  growth  averaged  9.47.  Tor  AFH  projects;  4.27.  Tor  MCA 
projects;  and  6.77.  Tor  OMA  projects.  Figures  12,  13,  and  14  illustrate 
how  many  oT  each  type  oT  project  which  experienced  unacceptable  levels 
oT  cost  growth.  Figure  12  shows  data  Tor  AFH  projects;  note  that  Tour 
out  oT  Tive  (807.)  oT  the  AFH  projects  had  excessive  levels  oT  cost 
growth.  OMA  data,  shown  at  Figure  13,  is  similar;  eight  out  oT  15 
projects  (537. )  had  unacceptable  cost  growth  levels.  Conversely,  the 
data  Tor  MCA  projects  shows  only  one  out  oT  Tive  (207. )  experiencing 
cost  growth  problems.  In  general,  MCA  projects  tend  to  experience 
lower  levels  oT  cost  growth  than  do  AFH  and  OMA  projects. 

Two  the  Tive  AFH  projects  (607. )  did  not  receive  all  three 
preconstruction  reviews.  OT  the  three  which  did  get  Tully  reviewed, 
two  had  unacceptably  high  cost  growth.  Two  oT  the  15  OMA  projects  did 
not  receive  all  three  reviews,  and  each  oT  these  two  had  cost  growth  of 
over  157..  OT  the  13  OMA  projects  which  received  all  three  reviews,  six 
still  registered  unacceptable  levels  oT  cost  growth.  All  MCA  projects 
received  all  three  reviews.  Only  one  MCA  project  exceeded  its 
acceptable  cost  growth  level,  but  only  by  two  percentage  points 
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(Project  3).  This  indicates  that  MCA  projects  were  more  carefully 
reviewed  and  have  corr espond i ng  1  y  lower  cost  growths  than  do  OMA  and 
AFH  projects.  The  Tact  that  six  of  the  OMA  projects  and  two  of  the  APH 
projects  which  received  all  three  preconstruction  reviews  still  had 
unacceptably  high  cost  growth  indicates  that  reviews  for  these  types  of 
projects  tend  to  be  less  thorough  than  those  given  MCA  projects. 
Furthermore,  OMA  and  AFH  projects  are  more  susceptible  to 
end-of-the-year  funding  pressures.  Consequently,  they  are  more  likely 
to  be  released  for  bid  with  only  cursory  review. 


Figure  12 

Cost  Growth  by  Project  Type 
AFH  Projects 
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Figure  13 

Cost  Growth  by  Project  Type 
DMA  Projects 
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The  causes  of  modi f 1 c at  1 ons  Tor  each  project  type  is  shown  in 
Table  12.  Design  deficiencies,  site  conditions,  and  user  requested 
changes  were  the  main  causes  of  mods  for  each  project  type,  although 
AFH  projects  appeared  to  be  more  subject  to  criteria  design  changes 
than  did  DMA  or  MCA  projects.  Mote  that  although  MCA  projects  tended 
to  have  lower  modification  costs  than  DMA  and  AFH  projects,  and 
although  they  appeared  to  be  more  carefully  reviewed,  they  still  had 
large  numbers  of  modifications  due  to  design  deficiency  that  were 
obviously  not  being  caught  by  the  review  process. 

Table  12 

Causes  of  Modifications 
Correlated  by  Project  Type 

Percentage  of  Mod  Cost 


Mod  i  f i c  at i on 


Causes 

DMA 

AFH 

MCA 

Design  Deficiency 

40.27. 

16.97. 

40.37. 

User  Requests 

18.67. 

18.27. 

25.  77. 

Site  Conditions 

24. 5X 

20.17. 

2 1 . 3  X 

Design  Changes 

0.37. 

16.  9X 

4.  5X 

Value  Engineering 

0.07. 

0.07. 

0.87. 

Other 

16.37. 

21.97. 

7.57. 

Q°§t  _Cgrr  el  at  l  gn_b¥_Pro,iect  _Si  z  e^ 

An  analysis  by  project  size  was  conducted  to  determine  the 
correlation,  if  any,  between  cost  growth  and  adjusted  contract  amount. 
The  25  projects  studied  ranged  from  171,432  to  $4,666,590.  Projects 
were  divided  into  three  categories  based  on  contract  amount.  Thirteen 

prCjCCtS  t  ?  d  d  fi  aH  iucf  oH  C  C  T.  t  T  2  C  t  3  m  r»  u  n  t  n  t  1  occ  fhan  $500.^00*  S  i  M 
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between  1500,000  and  <1,000,000;  and  six  over  <1,000,000.  Table  35  of 
Appendix  4  presents  the  data  Tor  projects  under  each  of  these 
classifications. 

Projects  whose  adjusted  contract  amount  was  less  than  <500,000 
had  an  overall  cost  growth  of  7.77.;  those  between  <500,000  and 
<1,000,000  were  at  12.87.;  and  those  over  <1,000,000  at  3.5%.  Figures 
15,  16,  and  17  are  histograms  showing  the  cost  growth  of  projects 
within  each  cost  category.  Figure  15  shows  that  eight  of  the  13 
(61.57.)  least  expensive  projects  had  cost  growth  exceed!  ng  acceptable 
limits.  Figure  16  shows  four  of  the  six  (66.7%)  projects  contracted 
for  between  <500,000  and  <1,000,000  have  excessive  cost  growth.  In 
contrast,  only  one  out  of  six  (16.7%)  of  projects  over  <1,000,000 
exceed  acceptable  levels,  and  that  one  only  exceeds  the  limit  by  two 
percentage  points.  This  may  indicate  that  more  expensive  projects  tend 
to  receive  greater  attention  in  controlling  cost  growth  than  do  less 
expensive  projects. 

This  conclusion  is  further  supported  by  the  number  of  projects 
within  each  category  receiving  all  three  preconstruction  reviews.  All 
projects  contracted  for  over  <1,000,000  received  all  three  reviews. 
However,  two  projects  of  less  than  <500,000  and  two  between  <500,000 
and  <1,000,000  did  not  receive  all  reviews.  Additionally,  the  lower 
costing  projects  tended  to  be  0HA  and  AFH  projects.  These  budgets  were 
controlled  by  the  installation  and  therefore  more  likely  to  be  caught 
in  the  crunch  for  end-of-year  funds  and  therefore  possibly  reviewed  in 
a  less  than  thorough  manner.  A  comparison  between  project  type  and 

adjusted  contract  amount  is  shown  in  Table  13. 
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Figure  15 

Cost  Growth  by  Project  Size 
Projects  Less  Than  $500,000 


Figure  16 

Cost  Growth  by  Project  Size 
Projects  Between  $500,000  and  $1,000,000 
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project  managers,  are  more  thoroughly  reviewed,  and  in  general  receive 
•ore  intensive  management  than  do  smaller  projects. 


Table  14  illustrates  the  causes  of  modifications  for  each  sire 
category  of  project.  The  table  indicates  that  design  deficiencies, 
user  requests,  and  site  conditions  are  the  main  causes  of  mods  for  each 


size  group i ng 

of  projects. 

Of 

significance  is 

the 

'other " 

classification 

for  the  two 

1 esser 

cost  categories. 

T  wo 

ma  j  or 

components  of  " 

other”  costs  in 

these 

projects  were  site 

accessi b i 1 l ty 

and  occupant  i nterf erence.  Many  of  the  AEH  and  OMA  projects  were 
constructed  under  conditions  of  joint  occupancy.  In  other  words,  the 
contractor  and  user  both  occupied  the  facility  during  construction. 
This  in  turn  often  led  to  conflicts  resulting  in  the  contractor 
claiming  lost  tune  and  impact  costs  for  schedule  interruptions. 

Table  14 

Causes  of  Modifications 
Correlated  by  Project  Size 

Percentage  of  Mod  Cost 


Modification 

Causes 

Less  Than 
♦500,000 

♦500,000  -  Over 

♦1,000,000  ♦1,000,000 

Des l gn  Deficiency 

53.47. 

21.57. 

40.57. 

User  Requests 

19.37. 

20.  37. 

24.67. 

Site  Conditions 

9.  9  V, 

29.07. 

21.17. 

Design  Changes 

1.57. 

12.27. 

4.67 

Value  Engineering 

0.  07. 

0.17. 

0.97. 

Other 

16.97. 

17.07. 

0.37. 

Although  the  smaller  projects 

had  higher 

percentages  of  cost 

tb'Mr  total  dollar 

amount  of 

mod  costs 

is  rel at i vel v  sma  1  1 
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(Table  15).  However,  these  projects  were  often  built  at  a  much  higher 
level  of  visibility  to  the  customer  than  are  larger  projects.  High 
cost  growth  rates  have  an  impact  on  customer  satisfaction  not  reflected 
in  the  dollar  cost,  particularly  those  projects  funded  by  the 
installation. 


Table  15 

Dollar  Amount  of  Cost  Growth 
By  Project  Size 


Adjusted 

Contract 

Amount 

( <000 ) 

Overal  1 

Cost  Growth 

Number 
of  Proj 

Cost  of 

Mod i f i cat  ions 

UNDER  *500 

7.  77. 

13 

*227,038 

*500  -  *1,000 

12.8% 

5 

*467,609 

OVER  *1,000 

3.57. 

6 

*647,486 

Co  st_C  or  re^ati.  on  _by_  Designer:. 

Military  construction  projects  are  designed  by  either  in-house 
government  employed  engineers  and  architects  or  by  privately  owned 
firms  contracted  for  that  purpose.  In-house  designs  may  be  by  either 
DEH  personnel  at  the  installation  or  by  the  supporting  district.  20  of 
the  25  projects  studied  were  designed  by  contracted 
architectural /engineer  (A/E)  firms.  Of  the  five  in-house  designed 
projects,  three  were  done  by  the  installation  and  two  by  the  district. 
Table  36,  Appendix  4,  shows  the  projects  designed  by  each  agency. 

Projects  designed  by  in-house  personnel  had  an  overall  cost 
orowih  of  2 ,  fl'Z .  This  is  less  than  half  of  the  5.9’/.  overall  cost  growth 
experienced  by  A/E  designed  projects.  Figures  18  and  19  illustrate  the 
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number  of  projects  designed  by  each  source  of  design  that  experienced 
unacceptable  levels  of  cost  growth.  Figure  18  is  the  data  for  A/E 
designed  projects.  Note  that  11  of  19  (56‘/.)  jf  A/E  projects  had 

excessive  levels  of  cost  growth.  In  contrast,  only  one  of  five  ( 2 0 X ) 
m-house  designed  projects  had  unacceptable  levels  of  cost  growth. 
This  indicates  that  for  the  projects  on  the  installation  under  study, 
in-house  designers  tended  to  do  a  better  job  of  project  design  and/or 
review  than  did  contracted  A/E  firms. 

figure  IS 

Cost  Growth  by  Design  Agency  -  Contracted  A/E  Firms 


ET71  acceptable  COST  excessive 


The  causes  of  mods  within  each  design  grouping  is  shown  in 
Table  16.  Of  significance  is  that  2  3 . 5  V.  of  the  mod  costs  to  projects 
designed  by  A/E  firms  was  due  to  unknown  site  conditions  compared  to 
only  6.77.  for  in-house  designs.  This  may  have  been  a  result  of 
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in-house  designers  having  more  ready  access  to  construction  sites 


during  the  design  phase  and  being  more  Familiar  with  project  location 
than  did  contracted  A/E  firms.  It  could  also  h*ve  been  a  function  of 
the  A/E  failing  to  visit  the  site,  either  due  to  lack  of  funding  or  for 
other  reasons. 


Figure  19 

Cost  Growth  by  Design  Agency  -  In-House  Government  Designers 
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Table  16 

Modification  Causes 
Correlated  by  Design  Agency 


Percentage  of  Mod  Cost 


Modi f i cat l on 

Causes 

Des i gned 

I n -House 

Designed 

Contract 

Design  Deficiency 

41.37. 

35.87. 

User  Requests 

27.77. 

21.77. 

Site  Conditions 

6.77 

23.57 

=  j  y n  Changes 

5.67. 

6.37 

Value  Engineering 

0.07. 

0.67. 

Other 

18.77. 

12.  27. 
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This  chapter  discussed  modification  causes,  cost  growth,  direct 
and  indirect  costs,  and  the  impact  of  mod  processing  on  produc t i vi t y . 
It  presented  a  correlation  of  cost  and  causes  with  preconstruction 
reviews,  project  type,  project  size,  and  design  agency.  An  examination 
was  made  on  the  basis  of  items  of  change  to  each  project  contract  as 
well  as  the  cost  of  each  item  of  change.  Design  disciplines 
contributing  most  to  design  deficiencies  were  identified.  Design 
deficiencies,  unknown  site  conditions,  and  user  requested  changes  were 
identified  as  the  major  sourc  of  contract  modifications. 

The  correlation  between  cost  growth  and  review  leads  to  the 
conclusion  that  modifications,  by  themselves,  were  not  the  real  problem 
but  rather  a  symptom  of  a  greater  problem.  Obviously,  perfect  designs 
would  not  result  in  changes.  Equally  obvious  is  the  fact  that  there  is 
no  such  thing  as  a  perfect  design.  Therefore,  a  systematic  and 
thorough  design  review  process  is  essential  to  keeping  contract  changes 
(and  corresponding  cost  growth)  under  control.  The  fact  that  507.  of 
the  projects  studied  exceeded  acceptable  levels  of  cost  growth 
indicated  a  major  problem  with  the  review  system  in  use.  An  evaluation 
of  that  system  is  the  subject  of  the  next  chapter. 
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CHAPTER  5 


THE  PRECONSTRUCTION  DESIBN  REVIEW  SYSTEM 


General : 

This  part  of  the  study  was  designed  to  evaluate  the 
preconstruct  1  on  review  system  used  by  the  Corps  of  Engineer  District 
which  built  the  projects  examined.  Of  the  21  projects  that  had  been 
given  using  service,  constructibility,  and  technical  design  reviews, 
nine  <4  3'/.)  still  had  unacceptably  high  levels  of  cost  growth. 
Furthermore,  it  was  found  that  807.  of  all  cost  growth  was  due  to  design 
deficiencies,  user  requested  changes,  and  unknown  site  conditions.  Of 
all  the  reasons  identified  for  cost  growth,  these  three  should  be  the 
most  easily  influenced  by  thorough  preconstruction  reviews. 

The  supporting  District  had  design  responsibility  for  13  (527.) 
of  the  25  projects.  The  remainder  were  either  designed  in-house  by  the 
installation  DEH  or  contracted  to  A/E's  by  the  DEH.  In  these  cases, 
the  district  could  only  review  projects  after  the  completed  design  had 
been  forwarded  for  construction.  But  of  the  13  projects  the  district 
(or  its  contracted  A/E's)  did  design,  seven  (54X)  had  excessive  cost 
growth.  This  implied  the  District's  review  system  was  not  fully 
effective  in  correcting  problems  prior  to  contract  award.  It  was 
suggested  in  the  last  chapter  that  excessive  mods  and  cost  growth  are 
not  of  themselves  a  problem,  but  rather  a  symptom  of  a  larger  problem. 
The  objective  here  is  to  determine  where  within  the  review  process  that 
problem  might  be. 
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The  primary  source  of  data  was  a  questionnaire  collected  -from 
56  district  employees.  Respondents  included  all  construction 
representatives  and  office  engineers  located  at  the  resident  office, 


eng i neer 5 

working  in  Quali 

ty  Assurance 

Branch 

of 

the  Construction 

Division, 

engineers  working 

in  Design 

Branch 

and 

Foundations  and 

Materials  Branch  of  Engineering  Division,  and  project  managers.  The 
findings  which  follow  are  a  compi 1  at i on  of  the  subjective  responses  of 
these  individuals  to  those  questions.  A  copy  of  the  questionnaire  is 
at  Appendix  6. 

The  study  covered  only  those  constructibility  and  technical 
reviews  conducted  by  the  district.  Reviews  by  Division  of  District 
in-house  designs,  reviews  contracted  out  to  private  A/E  firms,  and 
installation  using  service  reviews  were  not  addressed. 

This  was  not  intended  to  minimize  the  importance  of  using 
service  reviews.  Functional  reviews  by  the  installation  are  essential 
to  reducing  user  requested  modifications.  In  general  ,  it  appeared  that 
poor  project  scope  definition  was  a  major  contributor  to  user  requested 
mods.  Projects  were  designed  and  let  for  bid  without  a  firm  scope 
definition  being  communicated  to  the  designer  or  user.  Consequently, 
the  designer  may  not  have  been  aware  of  what  the  customer  wanted  and 
the  customer  not  aware  of  what  was  designed  until  construction  actually 
began.  This  problem  was  aggravated  by  personnel  rotations  at  the 
installation  which  often  resulted  in  the  ultimate  user  being  unfamiliar 
with  desiqn  decisions  made  by  his  predecessor.  The  DEH  must  play  the 
major  role  in  addressing  this  issue.  Improved  coordination  between  the 
District  and  DEH  to  include  functional  reviews  conducted  early  in  the 
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design  cycle  and  including  designers,  project  Managers,  DEH,  and  the 
using  agency  Mould  be  a  major  step  in  resolving  this  problem.  This 
area  requires  further  study  as  to  specific  causes  of  user  requested 
mods  and  solutions. 

The  chapter  is  organized  to  individually  dis.  s?  each  of  the 
three  main  variables  the  questionnaire  was  designed  to  address.  These 
variables  were: 

1.  The  training,  experience,  and  motivation  of  review 
personnel . 

2.  The  time  available  with  which  to  do  reviews. 

3.  The  organizational  and  procedural  framework  within  which 
reviews  are  conducted. 

The  questionnaire  was  designed  to  obtain  respondent  perceptions  and 
experiences  in  these  areas.  Each  is  discussed  in  the  sections  which 
f ol low. 

E,§C§9DD§l_Qy§lifiE#tignsi 

Questions  in  the  questionnaire  concerning  personnel 
qualifications  were  designed  to  evaluate  three  areas: 

1.  Educat i on /tr ai n i ng /pr of essi onal  qualifications  of 
personnel  conducting  reviews.  This  includes  academic 
degrees  held,  professional  licensing,  and  training  in  how 
to  conduct  techni cal /const rue t i b i 1 i ty  reviews. 

2.  Experience  in  engineering  design  and  construction.  This 
includes  experience  both  inside  and  outside  of  government 
servi ce. 

3.  Attitude  and  motivation  toward  the  conduct  of  reviews. 

The  percentage  of  reviewers  holding  professional  degrees  was 
fairly  high.  07. 5X  of  all  respondents  held  at  least  bachelor  degrees 
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in  a  professional  discipline.  Those  not  holding  degrees  generally  were 
construction  representatives  and  engineer  technicians  working  in 
Construction  Division  whose  responsibilities  depend  more  on  experience 
than  academic  background. 

The  proportion  of  professionally  registered  personnel  was  also 
high.  38  of  the  56  ( 68'/. )  respondents  held  professional  licenses  or 
training  certificates.  A  breakdown  of  professional  registration  by 
review  category  is  at  Figure  20.  The  largest  number  of  those  not 
holding  professional  licenses  were  construction  representatives.  The 
figure  includes  registration  as  a  professional  engineer,  architect, 
landscape  architect,  or  other  professional  field. 

Figure  20 

Professional  Registration  (Questions  41,  42,  and  43) 
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Respondents  were  asked  to  identity  training  they  had  received, 
it  any,  in  review  techniques.  The  majority  (55. OX)  stated  they  learned 
how  to  do  reviews  through  "experience".  33. 97.  indicated  training  in 
some  kind  ot  tormal  course.  Responses  ot  where  this  training  was 
received  included  an  engineering  graphics  course,  training  in  the  Navy, 
courses  in  value  engineering,  the  Corps  of  Engineers  Military  Design 
Review  Course  (most  coamon  response),  review  seminars  and  in-house 
training,  and  courses  taught  at  the  United  States  Army  Engineer  School 
at  Fort  Belvoir.  11.27.  stated  they  have  learned  how  to  do  reviews 
through  on-the-job  training  (GJT).  Although  a  couple  of  respondents 
clearly  identified  a  formal  OJT  program,  it  is  not  entirely  clear  if 
the  others  intended  OJT  to  mean  a  formal,  structured  program  or  if  this 
was  another  way  of  stating  they  learned  through  experience. 
Consequently,  the  percentages  for  "experience"  and  "on-the-job 
training"  are  probably  not  as  clear-cut  as  shown  and  should  be 
interpreted  accordingly.  In  any  event,  it  is  clear  that  a  standard 
base  of  training  did  not  exist.  Reviewers  approached  each  review  from 
the  framework  of  past  experience.  This  does  not  lend  itself  to 
providing  a  consistent  review  product  due  to  the  varied  backgrounds  of 
the  individuals  concerned. 

Respondents  were  asked  to  identify  their  experience  in  the 
areas  of  design,  construction,  construction  management,  and  total  time 
in  the  Corps  (either  at  District  or  DEH).  Table  17  summarizes  the 
responses  given.  Only  five  of  the  56  respondents  (three  construction 
representati ves  and  two  quality  assurance  personnel)  had  less  than  two 
years  with  the  Corps.  The  majority  had  over  five  years,  with  607.  of 
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the  project  managers,  597.  of  the  design  engineers,  and  60%  of  the 
resident  office  personnel  having  over  ten  years  total  Corps  experience. 

Of  the  29  respondents  involved  with  technical  reviews,  only  3 
(107.)  had  less  than  two  years  experience  in  design.  All  11  individuals 
claiming  over  20  years  design  experience  were  individuals  responsible 
for  technical  reviews.  Their  experience  with  construction,  however, 
was  limited.  69%  had  less  than  two  years;  867.  less  than  five  years 
construction  experience. 

Table  17 

Professional  Experience  (Questions  35,  37,  38,  and  39) 

Number  of  Responses  (Percentage) 


( 

xperience 

0-5 

5-10 

_7C§ 

10- 

20  yr  s 

Over 

20  yr s 

I  n 

Corps 

10 

(187.) 

16 

(287.) 

20 

(367.) 

10 

(187.) 

As 

Designer 

27 

(48%) 

10 

(187.) 

8 

(147.) 

1  1 

(207.) 

I  n 

Construction 

37 

(667.) 

3 

(  57.) 

6 

(117.) 

10 

( 187.) 

As 

Constr  Mngr 

36 

(697.) 

4 

(  87.) 

8 

(157.) 

4 

(  87.) 

NOTE-  Only  52  respondents  answered  question  on  Construction 
Management  experience. 

Constructi bi 1 i ty  reviews  required  less  experience  in  formal 
design  and  more  in  actual  construction.  B17.  of  the  respondents 
responsible  for  const  rue 1 1 b l 1 1 1 y  reviews  claimed  over  ten  years 
experience  in  construction.  However,  just  as  technical  reviewers  had 
relatively  little  construction  experience,  those  responsible  for 
conc-tructibility  reviews  had  limited  design  experience.  Only  five 
(297. )  indicated  having  over  five  years  experience  in  design. 

607.  of  project  managers  had  between  ten  and  20  years  in  the 
Corps  of  Engineers,  and  307.  between  two  and  five  years.  This  time  was 
spent  between  technical  design  and  construction  management  type 
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positions.  They  had  virtually  no  experience  in  construction}  90 Z 
reported  having  less  than  two  years  construction  experience.  Most  had 
none. 

Respondents  were  asked  to  subjectively  evaluate  how  often  they 
were  able  to  conduct  thorough  reviews  within  their  areas  of  expertise. 
The  results  are  shown  at  Figure  21.  45  of  the  51  (88X)  answering  this 
question  felt  their  experience  qualified  them  to  do  good  reviews 
"always"  or  "most  of  the  time".  They  were  then  asked  to  identify  those 
disciplines  in  which  they  felt  qualified  to  do  reviews  (based  either  on 
education,  training,  or  experience),  and  in  which  disciplines  they  were 
actually  required  to  conduct  reviews.  The  results  are  shown  in  Figure 
22.  In  only  a  couple  of  instances  were  individuals  required  to  conduct 
reviews  outside  their  areas  of  expertise.  This  indicates  that,  except 
in  rare  cases,  the  qual i f i cat i ons  of  reviewers  matched  the  work  load 
requirement  within  the  various  design  disciplines. 

Attitude  toward  reviews  was  evaluated  based  on  opinions 
expressed  concerning  the  need  for  reviews  and  the  perceived  value  of 
reviews  in  reducing  construction  costs.  Figures  23  and  24  summarize 
the  answers  to  these  questions.  The  overwhelming  majority  of 
respondents  felt  reviews  were  necessary  either  "always"  or  “most  of  the 
time".  95X  replied  that  reviews  are  necessary  regardless  of  project 
size.  89X  responded  that  reviews  are  needed  regardless  of  who  the 
project  is  designed  by.  As  seen  in  Figuie  24,  77%  of  the  respondents 
indicated  that  reviews  will  reduce  cost  growth  either  "always"  or  "most 
of  the  time".  It  can  be  concluded  that  the  greater  majority  of  those 


involved  feel  reviews  are  important  and  do  save  the  government  money. 
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F 1 gur e  21 

Ability  to  Conduct  Reviews  (Question  22) 


FREQUENCY 


F i gure  22 

Review  Qualifications  vs  Review  Workload  in 
Each  Design  Discipline  (Question  4  and  5) 
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Figure  23 

Opinions  on  How  Often  Reviews  are  Needed  (Questions  16  and  17) 
(Based  on  Size  of  Project  and  Design  Agency) 
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ALWAYS  MOSTLY  SOMETIMES  RARELY  NEVER 

cm  SIZE  OF  PROJECT  Bgga  DESIGN  AGENCY 


Figure  24 

Opinions  on  How  Often  Reviews  Save  the  Government 
Money  (Question  26) 


In  summary,  the  data  collected  indicate  those  doing  technical 
reviews  had  the  requisite  education  and  experience  in  engineering 
design,  while  those  doing  constructibility  reviews  had  extensive 
experience  in  construction.  Project  managers,  whose  role  was  the 
coordination  and  management  of  reviews  and  review  comments,  tended  to 
have  less  overall  experience  than  reviewers.  They  were  found  to  be 
weak  in  the  area  of  construction,  due  mostly  to  the  fact  that  project 
managers  tend  to  be  drawn  from  the  ranks  of  designers.  However,  the 
experience  they  did  possess  lr  the  areas  of  construction  management  was 
sufficient  to  meet  their  review  coordination  responsibilities. 
Consequently  it  was  concluded  that,  although  there  was  little  cross 
training  between  disciplines,  reviewers  in  general  had  the  required 
education  and  experience  to  carry  out  review  tasks  within  their 
respective  areas.  The  only  weak  areas  noted  were  in  cross  training 
between  design  and  construction  personnel  and  in  the  lack  of  a 
standardized  training  base. 

Question  34  asked  for  an  unqualified  evaluation  of  the  quality 
of  reviews  conducted  by  the  respondents.  407.  replied  that  reviews  were 
only  "sometimes"  as  thorough  as  the  project  warranted.  This  is  in 
significant  contrast  to  the  confidence  and  qualifications  discussed 
above.  Therefore,  there  must  have  been  other  factors  other  than 
personnel  q u a  1 i f i c a t i on s  affecting  review  quality.  These  other  factors 
will  be  discussed  in  the  subsequent  sections. 

Ii.!'?_Ayailable_for_Reyiews^ 

The  analysis  of  time  was  done  by  determining  the  time  required 
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to  do  a  review,  the  time  needed  to  work  reviews  in  with  other  job 
requi rements,  and  the  time  actually  provided.  The  questionnaire  asked 
tor  review  time  as  it  related  to  small  (less  than  $500,000),  medium 
(between  $500,000  and  $1,000,000!  and  large  (greater  than  $1,000,000) 
projects.  Additionally,  the  timing  of  submittal  tor  15  projects 
designed  by  DEH  and  forwarded  to  the  district  for  construction  was 
examined  to  determine  if  the  installation  was  at  fault  in  providing 
insufficient  time  to  allow  district  reviews  to  be  conducted. 

Review  time  sufficiency  is  illustrated  in  Table  18  and  Figure 
25.  The  numbers  shown  in  the  table  are  averages  of  responses  in  each 
project  size  category.  An  average  shortfall  existed  of  3.1  days  for 
small  projects,  4.7  days  for  medium  projects,  and  7.1  days  for  large 
projects.  The  figures  indicate  that  the  time  provided  to  do  reviews 
fell  far  short  of  that  needed  given  other  job  requirements.  These 
numbers  are  supported  by  the  qualitative  responses  to  question  14  as 
shown  in  the  figure.  747.  of  the  respondents  stated  sufficient  time  was 
available  only  “sometimes",  "rarely",  or  “never". 

Table  IB 

Review  Time  Needed  vs  Review  Time  Available 
(Questions  6,  7,  and  8) 

NOTE:  All  times  shown  in  work  days. 


Project  Size 

A vg  Time 
Needed  for 
Review  Only 

Avg  Time 
Needed  Given 
Other  Reqmnts 

Avg  Time 
Avai lable 

Small 

2.3 

9.  7 

6.6 

Med l urn 

3.5 

12.5 

7.8 

Large 

6.2 

16.4 

9.3 
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Figure  25 

Frequency  of  Sufficient  Review  Time  (Question  14) 


When  asked  the  reasons  why  sufficient  time  was  not  available, 
the  responses  were  as  shown  in  Figure  26.  Response  choices  included 
poor  information,  lack  of  funding,  poor  plans  and  specs,  other  work, 
short  suspenses,  and  "other11.  The  majority  listed  "other  work"  and 
"short  suspenses"  as  the  main  causes  of  insufficient  review  time.  This 
data  was  corroborated  by  responses  to  question  10.  Question  10  asked 
respondents  to  list,  in  priority,  their  daily  activities.  They  were 
asked  to  prioritize  on  the  basis  of  the  way  things  actually  were  and 
then  to  reprioritize  based  on  the  way  thev  felt  things  ought  to  be. 
Each  priority  list  was  then  divided  into  thirds.  The  priority  of 
reviews  was  determined  by  determining  how  often  they  fell  in  the  top, 
middle,  and  bottom  third  of  each  individual  list.  The  results  are 
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shown  in  Figure  27.  737.  of  those  answering  this  question  prioritized 

reviews  with  the  middle  or  lower  third  of  other  things  they  had  to  do. 
More  significantly,  if  given  the  opportunity  to  change  these 
priorities,  most  would  not  increase  the  position  of  reviews.  In  fact, 
several  placed  them  at  a  lower  priority.  This  indicates  that, 
regardless  of  how  important  reviews  were  felt  to  be,  other  activities 
are  considered  just  as  important  or  more  so. 

Figure  26 

Reasons  Review  Time  is  Not  Available  (Question  15) 
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The  issue  of  competing  work  raised  the  question  of  exactly  what 
kind  of  work  reviews  were  competing  against.  Much  of  it  was  other 
essential  tasks,  such  as  design,  mod  processing,  and  quality  assurance. 
But  it  was  suggested  that  there  were  also  significant  administrative 
tasks  which  also  consumed  large  amounts  of  manhours.  These  included 
reports,  meetings,  correspondence,  and  other  requirements  which 
detracted  from  more  essential,  desi qn /const  rue t i on  related 
responsibilities.  Many  of  these  requirements  were  thought  to  be 
unnecessary  by  the  individuals  required  to  perform  them.  The  impact  of 
outside  detractors  on  design  and  review  quality  was  beyond  the  scope  of 


this  study,  but  it  is  an  issue  deserving  further  study. 


The  district  required  a  minimum  of  51  calendar  days  prior  to 
contract  award  for  DEH  designed  projects  to  be  processed  through  the 
district  review  system.  This  tine  included  adei ni st r at i ve  processing, 
copying,  distribution,  review  comment  coordination,  and  other 
activities  besides  the  actual  reviews.  15  projects  were  traced  to  see 
if  "end  of  year  crunches"  or  other  reasons  resulted  in  DEH  not 
providing  plans  and  specifications  to  the  district  with  enough  lead 
time  within  which  to  conduct  a  proper  review.  These  included  ten 
small,  four  medium,  and  one  large  project.  All  15  projects  were  found 
to  have  been  provided  with  sufficient  time  to  meet  the  51  day 
requirement.  The  average  time  prior  to  bid  opening  for  small  projects 
was  85.4  days,  the  medium  projects  86.5  days,  and  the  one  large  project 
105  days.  Consequently,  it  was  concluded  that  timely  submission  by  DEH 
did  not  contribute  to  the  shortage  of  review  time. 

Funding  is  cited  in  other  studies  as  a  main  reason  reviews  are 
not  fully  conducted.  However,  in  this  study,  lack  of  funds  was  seldom 
identified  as  a  significant  detractor.  Consequently,  this  area  was  not 
fully  explored.  Review  funding  for  MCA  projects  was  not  studied  at 
all.  For  OMA  projects,  the  DEH  automatically  authorizes  12  hours  of 
technical  review  per  needed  discipline.  DEH  also  provides  up  to  $1000 
for  construct i bi 1 i ty  reviews.  Discussions  with  DEH  and  district 
personnel  indicate  that  it  is  a  relatively  easy  matter  to  obtain 
additional  funds  should  this  time  prove  insufficient  for  the  review 
needed.  DEH  is  prepared  to  provide  a  fund  commitment  within  eight 
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hours  of  a  telephonic  justification  for  the  additional  funds  (assuming 
such  funds  are  available).  However,  such  requests  were  rarely  made. 

It  was  concluded  from  this  portion  of  the  study  that  reviews 
were  not  likely  to  receive  the  priority  and  effort  they  need  to 
adequately  catch  design  deficiencies  and  site  condition  problems  unless 
the  review  mission  is  conducted  by  individuals  who  have  review  as  their 
first  priority.  This  in  turn  implies  the  need  to  either  rearrange 
existing  priorities  within  the  various  offices  now  conducting  reviews 
or  establish  separate  constructibi 1 i ty  and  technical  review  cells.  It 
is  essential  to  controlling  cost  growth  that  one  action  or  the  other  be 
taken . 

B?^ig??_P!tiecessi.ng_Prgceduresj. 

This  section  presents  findings  as  to  the  procedural  framework 
within  which  reviews  are  conducted.  Specific  issues  addressed  are: 

1.  Overall  district  review  policy. 

2.  The  frequency  at  which  reviews  are  conducted  at  each  stage 
of  design,  and  the  frequency  that  the  same  reviewer  stays 
with  a  project  throughout  the  design  period. 

3.  The  availability  of  previous  review  comments  on  a  given 
project,  and  the  frequency  at  which  comments  are  checked 
to  insure  incorporation  in  the  final  design. 

4.  Site  visits  during  design  and  review. 

5.  The  manner  in  which  projects  are  assigned  to  individuals 
for  review. 

The  potential  for  review  inconsistency  due  to  lack  of 
standardized  training  was  discussed  in  a  previous  section.  This  could 
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be  mitigated  by  the  existence  of  a  standard  review  policy  to  include 
review  aids,  such  as  checklists.  However,  there  was  no  standard  policy 


in  effect  at 

the  time 

of  the 

study.  Although 

var i ous 

check  1 1 sts 

existed,  they 

were  not 

widely 

disseminated  and 

seldom 

used.  A 

comparison  of  checklist  availability  versus  use  is  shown  in  Figure  28. 
The  bars  with  diagonal  lines  indicate  the  frequency  of  availability; 
the  cross-hatched  bars  the  frequency  of  use.  27  of  51  (53 X)  responses 
indicate  checklists  are  rarely  or  never  available  to  reviewers.  25  of 
47  (537.)  responses  indicate  checklists  are  rarely  or  never  used.  The 
difference  in  total  responses  for  each  category  was  due  to  not  all 
respondents  answering  both  questions.  As  can  be  seen  from  the  graph, 
checklist  use  generally  paralleled  availability.  However,  having  a 
checklist  on  hand  did  not  always  guarantee  its  use,  quality,  or 
completeness.  For  example,  four  respondents  claimed  to  always  have 
such  an  aid  available,  but  only  one  reported  always  using  it.  Whereas 
the  use  of  checklists  would  not  be  a  panacea  to  the  overall  review 
issue,  such  an  aid,  used  as  part  of  an  overall  review  policy,  would 
provide  guidance  on  what  types  of  items  were  to  be  checked  and  how 
reviews  should  be  conducted. 

Existing  engineer  regulations  did  not  provide  specific  guidance 
on  how  often  reviews  were  to  be  conducted.  ER  1110-345-100  required  at 
least  one  review  upon  design  completion.  However,  the  regulation 
stated  additional  reviews  may  be  required  commensurate  with  the 
complexity  of  the  project.  ER  415-1-11  required  a  minimum  of  two 
constructibi 1 i ty  reviews;  one  at  the  concept  stage  of  design  and  the 
second  upon  design  completion  within  30  days  before  formal  advertising. 
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Specific  policy  was  left  up  to  the  individual  divisions  and  districts. 
The  district  regulation  in  use  at  the  time  of  this  study  discussed 
reviews  at  the  "concept",  “prel i mi  nary" ,  and  "final"  stages  of  design. 
DEH  design  reviews  were  supposed  to  be  completed  prior  to  the  design 
being  sent  to  district,  with  a  final  review  by  district  upon  receipt. 
For  district  in-house  designs  and  A/E  designs,  reviews  were  supposed  to 
be  conducted  at  the  35'/. ,  90'/. ,  and  10  OX  stages  of  design,  although  this 
varied  from  project  to  project  depending  on  scope  of  work  and  type  of 
review.  In  some  cases,  reviews  were  also  done  at  the  65 X  design  stage. 


Figure  29 

Checklist  Availability  vs  Use  (Questions  21  and  33) 


Figure  29  presents  data  for  the  frequency  of  reviews  at  each 
required  stage  for  new  and  renovation  nor  It .  Data  for  new  work  projects 
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is  shown  by  the  bars  with  diagonal  lines,  and  renovation  work  by  the 
cross-hatched  bars.  For  new  work,  557.  of  the  respondents  report 
reviews  done  at  all  stages  either  “always"  or  "most  of  the  time".  For 
renovation  work,  this  percentage  drops  to  407. .  Of  significance  in  both 
cases  is  the  high  percentage  of  times  when  these  reviews  are  performed 
only  "sometimes”,  "rarely",  or  “never".  The  main  reason  for  this 
appears  to  be  the  lack  of  time  and/or  competing  work  requirements  as 
identified  in  the  previous  section. 


Figure  29 

Frequency  of  Reviews  at  Each  Design  Stage  (Questions  23  and  24) 
New  and  Renovation  Hark 


Figure  30  shows  data  on  how  often  the  reviews  that  are 
conducted  at  each  stage  are  done  by  the  same  individual.  54%  of  the 
respondents  claim  that  the  same  individual  does  reviews  at  all  stages 
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product.  Submitted  comments  were  checked  to  insure  incorporation  even 
less  frequently.  48'/.  of  the  respondents  stated  comments  are  checked 
"always”  or  “most  of  the  time".  Part  of  the  problem  may  be  perception; 
as  will  be  shown,  feedback  to  as  to  whether  a  comment  was  incorporated 
was  frequently  not  provided  to  the  reviewer.  It  should  also  be  noted 
that  the  final  decision  on  incorporation  rests  with  the  project 
manager.  A  comment  considered  valid  by  the  reviewer  may  not  be  viewed 
in  the  same  manner  by  the  project  manager.  Unsolicited  comments 
written  on  the  questionnaire  provide  another  explanation.  If  there  was 
not  time  to  incorporate  comments  by  contract  ammendment  prior  to  bid 
opening,  they  may  be  tabled  for  later  modification  or  dropped 
altogether.  In  any  of  these  cases,  it  is  possible  that  the  reviewer 
m  a  ,  not  have  been  aware  of  what  tool  place. 

The  frequency  with  which  feedback  was  given  reviewers  is 
presented  Figure  5  3 .  In  more  than  half  of  the  responses  (57'/.), 
feedback  as  to  the  quality  of  review  comments  was  given  only 
"sometimes",  "rarely",  or  "never".  This  trend  was  seen  in  the 
responses  of  all  respondent  groups;  it  was  not  a  problem  isolated  to 
any  one  agency.  The  lack  of  feedback,  having  different  reviewers  at 
each  design  stage,  lack  of  overall  review  policy,  and  nonstandard 
training  together  create  a  serious  obstacle  to  the  conduct  of 
consistent  reviews. 
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NUMBER  OF  RESPONSES  NUMBER  OF  RESPONSES 


Unknown  sited  conditions  accounted  for  almost  221  oF  project 
cost  growth.  This  problem  is  greatest  Tor  DMA  and  AFH  projects  where 
the  majority  oF  work  was  done  in  existing  structures.  Projects  which 
incorporated  thorough  site  visits  as  part  oF  the  design  and  review 
process  should  have  been  able  to  catch  many  o-f  these  problems  prior  to 
construction. 

The  questionnaire  asked  tor  data  on  the  issue  of  site  visits 
only  as  they  were  or  were  not  conducted  during  reviews.  It  did  not 
address  visits  made  by  designers  during  design.  Furthermore,  not  all 
projects  necessarily  need  site  visits.  The  data  which  Follows  must  be 
viewed  leeping  this  tact  in  mind.  However,  it  is  the  opinion  ot  the 
author  that,  had  site  visits  been  conducted  during  project  design,  the 
magnitude  ot  the  problem  with  u n 1 n c w n  site  conditions  would  not  have 
beer  so  great. 

The  District  did  not  have  a  Formal  policy  requiring  site  visits 
during  design  review.  The  Frequency  visits  were  conducted  is 
graphically  shown  in  Figure  34.  69/1  ot  the  respondents  report  visiting 
sites  during  reviews  less  than  25 X  ot  the  time.  Table  19  breaks  this 
data  down  by  type  of  review.  In  general,  those  reviewers  located  at 
the  District  (quality  assurance  and  technical  design  reviewersl  were 
much  less  likely  to  visit  the  site  than  personnel  located  in  the  Field. 
93V.  ot  the  respondents  From  quality  assurance  and  46'/.  From  engineering 
division  reported  they  never  visited  a  site  as  part  ot  the  review 
process.  Since  construct i bi 1 l ty  reviews  are  pertormed  by  Field 
personnel  as  well  as  quality  assurance  personnel,  these  reviews  are 
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more  likely  to  have  site  visits  than  technical  reviews.  Even  so,  only 
three  of  six  respondents  involved  with  constructibility  reviews 
reported  visiting  the  site  more  than  757.  of  the  time. 


Figure  34 

Percentage  of  Reviews  With  Site  Visit  (Question  11) 


Table  19 

Frequency  of  Site  Visits 
By  Type  of  Review  (Question  11) 

Percentage  of  Times  Site 
Visits  Conducted  as  Part 
of  Review 

Review _ 07. _ 1:257. _ 26:507. _ 51  :757. _ 76:1002 

Technical  13  13  1  0  1 

Cons t rue t i b i 1 l t y  63  1  3  3 

NOTE  -  Figures  indicate  number  of  responses  in  each  category. 
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If  this  data  is  further  broken  down  by  response  group,  the 


► 


results  are  as  shown  in  Table  20. 


I 


► 


Table  20 

Frequency  of  Site  Visits 
By  Response  Group  (Question  11) 

Percentage  of  Times  Site 
Visits  Conducted  as  Part 
of  Review 


Response  Group 

07. 

1-257. 

26-502 

51-757. 

76-1007. 

Eng l neer i ng  Di v 

13 

13 

1 

0 

1 

Qual l ty  Assurance 

5 

1 

0 

0 

0 

Resi dent  Office 

1 

0 

0 

2 

1 

Construction  Reps 

0 

2 

1 

1 

2 

NOTE  -  Figures 

indicate  number 

of  responses  in  each 

category 

The  groups  whose  respondents  tended  to  visit  the  site  more 
frequently  were  construction  representatives  and  resident  office 
personnel.  However,  the  actual  amount  of  time  these  groups  had  to 
devote  to  reviews  was  extremely  limited.  Responses  from  the 

questionnaires  and  personal  interviews  with  the  individuals  concerned 
found  that  over  507.  of  these  respondent  groups  placed  reviews  in  the 
bottom  third  of  their  priorities.  Consequently,  the  reviews  conducted 
by  these  two  groups  tended  to  be  cursory  at  best.  The  conclusions 
drawn  from  this  are: 

1.  The  top  priority  of  work  by  these  groups  was  the 
admi n i st r at l on  and  quality  assurance  of  ongoing 
construction.  Given  existing  high  work  loads  and 
staffing  levels,  it  was  probably  not  realistic  to 
expect  thorough  reviews  from  either  the  resident 
office  or  the  field  construction  representatives. 

2.  When  these  groups  do  conduct  reviews,  they  are  more 
likely  to  visit  the  site  as  part  of  the  review  process. 
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In  the  case  of  the  construction  reps,  this  was  probably 
due  to  being  located  on  the  installation  and  having  ready 
access  to  the  project  site. 

3.  35'/.  of  those  conducting  constructibility  reviews  visited 

the  site  more  than  50'/.  of  the  time.  As  has  been 
previously  shown,  however,  those  conducting  these  site 
visits  were  those  with  the  least  amount  of  time  to  devote 
to  reviews.  Consequently,  the  primary  burden  for  the 
thoroughness  of  constructibility  reviews  fell  to  quality 
assurance,  a  group  which  seldom  appeared  able  to  include 
site  visits  as  part  of  their  reviews.  (This  is  not 
intended  to  imply  that  quality  assurance  personnel  never 
leave  their  office.  On  the  contrary;  much  of  the  QA 
respondents  time  was  spent  doing  field  inspections  of 
ongoing  construction . ) 

Figure  35  presents  the  reasons  given  for  not  visiting  the  site. 
687.  of  the  respondents  claimed  insufficient  time  existed  to  visit  the 
site  either  due  to  competing  work  requirements  or  short  suspense  dates. 
177.  reported  that  lack  of  funding  was  a  significant  reason.  The 
significance  of  this  chart  is  that  it  indicates  internal  priorities  and 
procedures  may  have  more  of  an  impact  on  the  conduct  of  site  visits 
than  external  factors,  such  as  funding. 

Write-in  responses  to  the  "other"  category  included: 

1.  Reviewer  was  not  asked  to  visit  site. 

2.  Site  visits  are  conducted  by  the  on  site  construction 
staff . 

3.  Site  visits  are  a  design,  not  construction,  function. 

4.  Not  necessary  since  the  on-site  construction  staff  does 
it. 

5.  Project  complexity  may  not  always  warrant  a  site 
visit. 

6.  Construction  site  was  too  far  to  visit. 
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e  35 

acting  Site  Visits 
(Question  12) 


Fi  gur 

Reasons  tor  Not  Cond 
During  Review 


Section  chiefs  in  design  branch  were  individually  asked  as  to 
how  they  assigned  reviews  to  their  personnel.  In  most  cases,  it  was 
done  on  a  work  load  basis.  The  individual  with  the  least  amount  of 
work  at  the  time  when  the  review  request  arrived  was  given  the  review 
to  do.  All  section  heads  stated  that  an  attempt  was  made  to  match  the 
individual's  expertise  with  the  nature  of  the  project  being  reviewed. 
An  attempt  was  also  made  to  give  reviews  o'  a  particular  project  to 
those  familiar  with  the  project.  It  was  admitted,  however,  that  this 
was  not  always  possible.  The  first  priority  of  design  branch  was 
project  design.  Since  it  was  difficult  to  schedule  reviews  with  any 
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long  range  accuracy,  it  was  likely  that,  given  the  current  systea,  they 
will  continue  be  handled  on  a  catch-as-catch-can  basis. 

Respondents  were  asked  to  evaluate  the  overall  eaphasis  placed 
by  "the  systea"  on  reviews.  "The  systea"  was  defined  in  the 
questionnaire  as  being  the  district,  DEK,  the  customer,  and  any  of  the 
other  agencies  that  aay  be  involved  in  preconstruction  reviews.  The 
results  of  this  question  is  at  Figure  36.  Whereas  the  aajority  (53 7.) 
feel  that  it  is  “about  right“,  a  significant  portion  (367)  feel  that 
the  eaphasis  is  “not  enough". 


Figure  36 

Eaphasis  on  Reviews  by  "The  Systea"  (Question  27) 


Table  21  shows  how  responses  to  the  question  of  review  eaphasis 
varied  by  response  group.  The  largest  nuaber  of  those  who  feel  it  is 


"not  enough"  are  those  engineers  in  Engineering  Division.  An 
explanation  for  number  indicating  review  emphasis  was  “too  auch"  may 
lie  in  an  unsolicited  comment  -from  the  resident  office.  The  comment 
stated  that  given  the  current  work  load  required  in  the  respondent's 
section,  the  eaphasis  on  reviews  was  "too  much".  In  other  words,  it 
was  felt  there  just  was  not  sufficient  time  to  do  everything  and  that 
it  was  not  possible  to  meet  the  standard  expected  in  properly  conducted 
revi ews . 


Table  21 

Emphasis  on  Reviews  By  Response  Group  (Question  27) 


Emphasis  by  "The  System" 

Percentage  of  Responses  per  Response  Group 


Response  Group 

Too  Much 

About  Riqht 

Not  Enouqh 

Engineering  Div 

117. 

507. 

39X 

Quality  Assurance 

07. 

1007. 

07. 

Const  rue t  i  on  Reps 

177. 

337. 

507. 

Resident  Office 

20X 

20X 

60X 

Project  Managers 

107. 

607. 

307. 

Summary^ 

The  purpose  of  this  chapter  was  to  determine  why  the  review 
system  did  not  do  a  better  job  of  controlling  cost  growth  in  the 
projects  studied.  This  was  done  by  collecting  opinions  of  those 
involved  with  the  review  process,  at  the  district  level,  by 
questionnaire.  Data  was  collected  in  the  areas  of  review  personnel 
qualifications,  time  available,  and  procedural  systems.  The  findings 
indicate  weaknesses  in  the  areas  of  review  training,  time  availability 
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due  to  competing  work  requirements,  lack  of  measures  to  insure  comments 


are  transmitted  between  subsequent  reviewers,  lack  of 
insure  i ncorporat i on  into  final  design,  and  the  lack 
revi ew  policy. 


checking  to 
of  an  overall 


1 1 1 


CHAPTER  6 


COMPARISON  OF  FINDINGS  WITH  PREVIOUS  STUDIES 


General^ 

The  purpose  of  this  chapter  is  to  compare  the  Findings  oF  this 
study  with  the  Findings  oF  others  to  determine  which  may  be  considered 
conclusive  and  which  require  Further  examination.  The  chapter  is 
organized  in  the  Following  manner.  The  next  two  sections  identity 
those  Findings  From  Chapters  4  and  5  corroborated  by  other  studies. 
The  Fourth  section  identities  the  Findings  oF  this  thesis  which  diFFer 
From  those  oF  previous  studies.  The  FiFth  section  discusses  those 
Findings  examined  in  this  study  not  Found  to  be  previously  addressed. 
The  Final  section  is  a  chapter  summary. 

Most  oF  the  other  papers,  although  related,  were  written  to 
subjects  other  than  the  issues  specitically  addressed  here.  The  data 
in  these  other  studies  were  collected  to  support  diFFerent  theses. 
Fortunately,  several  authors  included  their  raw  data  in  appendices  or 
tables.  The  methodology  used  in  this  study  was  applied  to  their  data 
in  order  to  arrive  at  a  common  basis  oF  comparison.  Consequently,  the 
conclusions  drawn  From  those  calculations  are  not  necessarily  those  of 
the  author  oF  the  study  From  which  the  base  data  was  taken. 

Q9CC9boratiye_Findings_;_Causes_and_Cgsts_gf_Mgds^ 

Table  22  identifies  the  issues  of  Chapter  4  concerning  the 
causes  and  costs  of  modifications.  It  Further  identifies  those 
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findings  supported  by  the  research  of  others  (annotated  “Yes”),  those 
findings  in  disagreement  ("No"),  and  those  issues  not  addressed  in 
other  papers  (''N/A1').  The  remainder  of  this  section  discusses  only 
those  issues  fully  corroborated  by  other  studies;  conclusions  of  this 
study  in  disagreement  or  not  addressed  by  others  are  discussed 
separately. 


Table  22 

Comparison  of  Findings  -  Causes  and  Cost  of  Modifications 

F i ndi ngs  i n 
Agreement  With 

Issue  Addressed  _  _  __Qt[3?E_Studie S 


Mod  Causes  -  by  Cost  Yes 
Indirect  Costs  Yes 
Impact  on  Productivity  Yes 
Potential  Savings  Yes 
Correlation  by  Project  Size  No 
Correlation  by  Designer  Nd 
Correlation  by  Project  Type  N/A 
Mod  Causes  -  by  Items  of  Change  N/A 
Disciplines  of  Design  Def  N/A 


The  most  strongly  supported  finding  was  the  causes  of 
modification  cost.  Six  studies  were  identified  which  addressed  the 
subject.  All  examined  federally  funded  projects.  A  comparison  of 
findings  is  at  Table  23.  The  table  identifies  the  study,  the  number  of 
projects  involved  (when  given),  and  a  rank  ordering  as  to  the 

proportion  of  mods  caused  by  each  source.  The  numbers  reflect  the 

/ 

number  one  most  frequent  cause,  the  number  two  most  frequent  cause, 
etc.  The  lower  the  number,  the  larger  the  percentage  of  mods  found  due 
to  that  cause.  Two  papers  did  not  quantify  the  number  of  mods  due  to 
each  source.  In  these  cases,  an  "X"  is  used  to  identify  causes 
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mentioned.  The  "X"  signifies  the  cause  as  a  major  contributor  to  mods 
without  a  specific  ranking  as  to  its  impact  having  been  established. 
Each  study  is  identified  by  author,  if  known,  or  title.  The  number  in 
parenthesis  in  the  first  column  following  the  identification  is  keyed 
to  the  endnotes  at  the  end  of  this  chapter. 


Table  23 

Comparison  of  Findings  -  Mod  Causes 
Causes  of  Modifications 

Article  or  No.  Dsgn  Site  User  Dsgn  Val 

Study _ Prgj _ Def _ Cond _ Reg _ Chnge _ Engr  _  .Remarks 


Oi ekmann  ( 1 )  22 

Rosmond  (2) 

TX  A&M  (3) 
USAFEA-K  (4)  -- 

Rowland  (5)  20 

ENR  (6)  269 

Ballou  (7) 

CERL  ARMS  (8)  -- 
This  Study  25 


1  3  2 

1  2 
1,7,9  4  10 

1 

X  X  X 

1 

X  X  X 

1 

1  3  2 


2,10,15  12  2 

3 

X  4 

5 

6 
7 

4  5 


REMARKS! 

1.  Quotes  1982  audit  by  Defense  Audit  Service,  which  lists 
no.  3  cause  as  plans  and  specs  being  incomplete  at  time 
of  bid  award. 

2.  Fro*  list  of  top  16  mod  causes.  Others  were  changing 
technology,  excusable  delays,  user  interf erence ,  lack  of 
proper  review,  and  administrative  actions.  Multiple 
rankings  due  to  differences  in  operational  definitions. 

3.  Concentrated  on  OMA  projects  in  Korea.  Identified  no.  2 
cause  as  OMA  work  overload. 

4.  Rowland  did  not  quantify  which  caused  the  most  mods. 

5.  Quoted  GAO  study  of  federal  projects.  No.  2  cause  was 
cost  estimating  errors. 

6.  Does  not  specifically  list  design  deficiencies,  but  does 
mention  imprecise  specification  language  and  ambiguous 
drawings,  both  of  which  are  included  in  the  operational 
definition  of  design  deficiency  in  this  study. 

7.  Only  mentions  design  deficiencies.  Claims  design 
deficiencies  account  for  567.  of  all  mods. 
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These  findings  are  conclusive.  Five  of  the  eight  other  studies 
list  design  deficiencies  as  the  number  one  cause  of  contract 
modifications;  two  of  the  remaining  three  list  them  as  a  major 
contributor  to  changes.  User  requested  changes  are  most  frequently 
listed  as  the  second  and  unknown  site  conditions  as  the  third  most 
common  causes  of  mod  cost.  Consequent  1 y ,  a  concerted  effort  to  control 
these  areas  should  result  in  significant  cost  growth  savings. 

The  money  that  could  be  saved  by  controlling  modifications  was 
quantified  in  a  study  of  constructibi 1 i ty  reviews  by  Lloyd  Finley. 
Finley  studied  two  projects  awarded  by  the  Naval  Facilities  Engineering 
Command  to  determine  the  benefit/cost  ratio  between  the  cost  of 
constructibi 1 i ty  reviews  and  cost  growth  savings.  It  should  be  noted 
that  his  definition  of  const ruct ib i 1 i ty  review  encompasses  this  paper's 
operational  definition  of  both  constructibi 1 i ty  and  technical  design 
review.  He  calculated  the  costs  to  the  government  of  doing  the  reviews 
and  compared  those  figures  with  the  amount  the  government  might  have 
paid  if  the  errors  discovered  during  the  review  had  gone  to 
construction.  His  findings  are  shown  in  Table  24.  His  findings 
reinforce  the  conclusion  of  this  study  that  it  is  less  expensive  to 
identify  and  correct  problems  before  contract  award  than  after.  (9) 

Table  24 

Benefit/Cost  Analysis  of  Construct i b i 1 i t y  Review 
(Finley's  Study) 

Benefit  to  Benefit  to 

Cost  Ratio  Cost  Ratio 

Pr  o  jec  t  _N0;. _ i.l05C_«ark— ugi. _ i?£_5iC!<iyE  i 

1  28.4  2.8 

2  6.8  1.5 
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Although  not  quantified,  these  findings  are  qualitatively 
echoed  in  several  other  papers.  The  Texas  A&M  Research  Foundation 
found : 

"...the  work  accomplished  by  change  orders  and  modifications  is 
always  more  costly  than  similar  work  in  the  basic  contract, 
and  requires  additional  effort..."  (10) 

The  Blue  Ribbon  Panel  on  Management  of  Construction  Quality  stated: 

“...just  one  less  change  order  per  contract,  resulting  from 
improved  customer-Corps  communications  will  produce 
substantial  Corps-wide  savings."  (11) 

Harvey  Kagan  discovered  an  additional  way  modifications  may  increase 

project  costs.  In  an  article  for  the  American  Society  of  Civil 

Engineers'  Journal  __of  ..Professional  I  ssues_in_Engi  neering  ,  he  cites  an 

argument  used  by  contractors  to  justify  additional  compensation.  (12) 

Kaqan  states  that  contractors  expect  a  certain  number  of  modifications 

to  be  "normal"  for  a  given  type  project.  If  the  number  of  mods  in  a 

project  exceeds  the  norm,  contractors  may  ask  for  impact  costs  due  to 

the  amount  of  time  spent  preparing  change  order  paperwor k  and 

estimates.  In  essence,  their  argument  is  that  processing  excessive 

numbers  of  modifications  disrupts  their  work  schedule  and  causes 

additional  expenses,  for  which  the  government  is  responsible.  In  other 

words,  the  indirect  costs  of  modification  processing  incurred  by  the 

contractor  are  passed  ^n  as  direct  cost  to  the  government.  Reducing 

the  number  of  mods  should  reduce  this  source  of  cost  growth  as  well. 

There  was  also  consensus  among  the  studies  as  to  the  impact 
of  modification  processing  on  productivity  and  Corps  indirect  costs. 
Although  none  of  the  other  studies  attempted  to  quantify  effort  spent 


on  mods,  several  offered  qualitative  conclusions  based  on  their 
research.  The  Texas  A&H  Research  Foundation  concluded: 

“The  chief  mission  of  the  Corps  is  to  turn  out  good 
construction.  If  dollars,  manhours,  and  talent  have  to 
be  diverted  from  the  chief  mission  of  good  construction 
to  the  issuance  of  contract  modifications, ...  then  the 
chief  mission  of  good  construction  must  suffer."  (13) 

and : 

"Fewer  change  orders  would  reduce  administrative  cost  and 
permit  assignment  of  more  manpower  to  inspection  and 
construction  problems  which  are  of  real  primary 
importance.  "  (14) 

In  his  study  on  constructibi 1 1 ty  reviews,  Lloyd  Finley  wrote: 

"It  should  be  recognized  that  any  time  "spent"  by  management 
in  resolving  conflicts  that  could  reasonably  have  been 
caught  prior  to  award,  is  time  that  might  be  more 
efficiently  and  effectively  utilized  on  other  related 
contract  activities."  (15) 

It  may  therefore  be  concluded  that  modification  cost  is  not 
limited  to  direct  construction  cost,  and  that  significant  savings  can 
be  realized  through  thorough  preconstruction  reviews.  In  addition  to 
direct  construction  cost,  the  Corps  pays  for  the  lack  of  good  reviews 
in  terms  of  admi n l strat i ve  overhead,  effort,  and  lower  productivity. 
These  costs  are  real,  even  if  they  cannot  always  be  quantified. 


Q9CC9!!SC§ti.¥§_El.Qdi.Q9s_i_Des^gn_Reyiew_Syf,tem:. 

Preconstruction  reviews  were  the  subject  of  numerous  other 
studies.  Recall  this  study  addressed  technical  and  constructibi  1  i  ty 
reviews  from  the  issues  of  personnel  qualifications,  time  available, 
and  procedural  framework.  Table  25  lists  the  specific  issues  examined 
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under  each  of  these  categories  and  identities  those  corroborated  by 
other  studies.  "Yes"  indicates  corroborat 1 ng  tindings  from  at  least 
one  other  study  with  no  studies  in  di sagreement ;  "No"  indicates  one  or 
More  studies  in  disagreement;  and  "N/A"  indicates  issues  not  addressed 
in  other  papers.  Supporting  studies  are  specifically  discussed  in  the 
paragraphs  which  follow.  Findings  from  other  studies  not  in  agreement 
with  those  of  this  study  are  discussed  in  the  next  section. 


Table  25 

Comparison  of  Findings  -  Design  Review  Process 


Issue  Addressed 


Findings  in 
Agreement  With 
_  0 1  h  e  r  Studies 


Cross  Training  Yes 
Competing  Work  Requirements  Yes 
Project  Scope  Definition  Yes 
SiteVisits  Yes 
Reviews  at  Each  Stage  of  Design  Yes 
Same  Individual  does  all  Reviews  Yes 
Coordination  of  Comments  Yes 
Incorporation  of  Comments  Yes 
Need  for  Overall  Policy  Yes 
Use  of  Checklists  Yes 
Need  for  Reviews  Yes 
Destructive  Testing  Yes 
Reasons  Sites  not  Visited  Yes 
Need  for  Separate  Review  Cell  Yes 
Feedback  Given  Reviewers  N/A 
Formal  Review  Training  N/A 


Two  studies  addressed  the  issue  of  cross  training  between 
design  and  construction  personnel.  The  Corps  of  Engineers  Blue  Ribbon 
Panel  report  stated: 

"Procedural  1 y ,  there  is  a  need  to  improve  consultation  with 
field  engineers  in  the  design  process  of  major  projects. 

Likewise,  there  is  a  need  to  improve  design  participation 
in  the  actual  construction  process."  (16) 


118 


The  report  goes  on  to  say: 

"There  is  insufticient  cross-training  IsicT  and  joint 
experience  among  engineering  division  and  construction 
division  protessi onal s.  "  (17) 

The  second  report,  prepared  by  the  Texas  A&M  Research 

Foundation,  recommended  one  manner  in  which  problems  with  inadequate  or 
incomplete  designs  could  be  corrected  would  be  to  "give  designers  Field 
experience  in  the  administration  oF  construction  contracts."  (18). 

The  Findings  oF  this  study  reinForce  the  conclusions  oF  the 
Blue  Ribbon  Panel  and  the  Texas  A!<M  Research  Foundation.  The 

proFessional  capabilities  oF  designer  and  constructor  would  be 
si gn 1 F 1  cant  1 y  enhanced  it  each  had  some  experience  in  the  Field  oF  the 
other  . 

Table  26  presents  the  major  review  problems  identiFied  in  this 

study  and  identities  how  oFten  those  problems  appear  as  major  causes  oF 

poor  reviews  in  other  studies.  The  First  column  identities  the  study, 
along  with  a  key  to  the  endnotes  at  the  end  oF  the  chapter.  The 
priority  given  by  each  author  to  each  problem  as  to  its  relative 
importance  in  weakening  the  review  process  is  shown.  Those  problems 
not  rated  in  relative  importance  are  marked  with  an  "X". 

The  Four  most  oFten  cited  problems  are  lack  oF  time  due  to  peak 
work  periods/competing  priorities,  poor  scope  deFinition,  lack  oF  site 
visits,  and  uncoordinated  review  comments.  These  problems  have  been 
cited  by  independent  researchers,  Corps  oF  Engineer  panels,  and  members 
oF  private  A/E  Firms  involved  in  government  work.  The  problems  oF 
multiple  reviewers,  coordination  oF  review  comments,  and  incorporating 

comments  into  Final  design  are  also  oFten  mentioned  other  studies. 
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Table  26 

Comparison  of  Findings  -  Problems  in  the  Review  Process 


Causes  of  Review  Problems 


Study 

Time/ 

Other 

Work 

Pro  j 
Scope 
Def 

Site 

Visits 

Same 

Revi ewer 

Each  Stage 

Comment 

Coor  d 

Rmk  s 

TX  Af-M  (19) 

o 

1 

X 

9 

1 

TX  A  St  M  (20) 

X 

X 

2 

Dsgn  Forum 

(21) 

X 

X 

X 

X 

7 

Grn  Ribbon 

(22) 

X 

4 

This  Study 

X 

X 

X 

X 

X 

REMARKS: 

1 . 

From 

list 

of  top  ten  review  problems.  Other 

desi gn 

r  e  v  i  ( 

prob 1 ems 

included  unnecessary 

'  reviews,  poor 

cost 

est i mates 

,  and  poor 

quality  of  A/E  work.  Study  also 

add"- 

essed 

inadequate  coordination  with  using 

agency 

and 

lack 

of  proper  site 

l n  ves 1 1 gat i on . 

2.  This  was  a  subsequent  A  &  M  study.  Other  causes  included 
insufficient  information  to  A/E,  unnecessary  reviews,  and 
budget  cycle. 

3.  Also  cited  use  of  checklists,  unrealistic  fee  structure, 
and  lack  of  proper  as-built  drawings. 

4.  Study  emphasized  customer  involvement  in  reviews  and 
only  generally  discussed  need  for  quality  review. 


These  issues  were  frequently  cited  by  participants  in  the 
Design  Quality  Forum  as  detractors  from  project  quality  (23),  as  well 
as  the  Green  Ribbon  Report  (24)  and  Texas  AMI's  May  1968  study  (25). 
It  may  therefore  be  concluded  that  the  problems  with  the  review  system 
identified  in  this  study  are  not  unique  to  the  sample  from  which  the 
data  were  collected.  It  is  further  concluded  that  all  of  these  areas 
need  to  be  addressed  if  efficient  reviews  are  to  be  conducted; 
attacking  only  one  or  two  by  themselves  will  not  correct  the  problem. 
What  is  needed  is  an  all  encompassing  rtview  policy  within  each 
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district  specifying  procedures  to  insure  the  impact  of  these  problems 
is  minimized.  The  “Corps  needs  to  encourage  Districts  to  quantify 
technical  criteria  for  projects  and  establish  a  policy  of  rational, 
analytical  review.  "  (26). 

The  advantages  of  using  review  checklists  were  cited  in  several 
studies.  The  most  frequently  referenced  checklist  system  was  the 
Navy's  "Redicheck".  "Redicheck  is  a  structured  review  system  which 
provides  a  logical  and  orderly  approach  to  checking  construction 
drawings  at  the  100%  design  stage.”  (27)  Redicheck  was  favorably 
referred  to  by  Finley  (28)  and  participants  in  the  South  Atlantic 
Division's  Design  Quality  Forum  (29).  Checklists,  however,  should  not 
be  considered  a  panacea.  They  need  to  be  incorporated  with  overall 
review  policy  and  procedures.  The  advantages  of  using  a  checklist  are 
that  it  facilitates  review  continuity  (especially  when  reviews  are 
conducted  by  different  people  at  different  stages  of  design)  and  it 
provides  a  logical,  consistent  review  methodology. 

The  importance  of  reviews  in  producing  quality  construction 
projects  and  reducing  cost  growth  is  acknowledged  or  implied  in  each  of 
the  studies  surveyed.  Finley's  analysis  of  review  cost  versus  project 
cost  was  previously  cited.  In  his  study  of  the  contractor  quality 
control  system,  Henry  Turowski  stated: 

"The  design  review  has  been  called  by  some  to  be  the  most 
important  tool  for  developing  inherent  quality  or  reliability 
in  a  product. "  (30) 

Kagan,  in  his  article,  emphasizes  the  need  for  review  to  coordinate 
drawings  between  different  design  disciplines.  He  warns: 


121 


"If  the  coordination  of  drawings  is  first  performed  by  the 
contractor,  the  cost  will  be  considerable  more."  (31) 

The  Corps  apparently  shares  this  philosophy,  as  witnessed  by 
the  regulations  requiring  reviews  be  performed  prior  to  bid 
advertisement.  At  the  functional  level,  however,  this  guidance  appears 
to  be  frequently  not  complied  with.  Furthermore,  this  problem  has  been 
identified  before,  with  seemingly  little  progress  made  in  correcting 
it.  Extracts  from  the  Texas  A t/tt  Research  Foundation's  1968  report 
state: 

"An  extremely  high  percentage  of  plans  and  specifications  are 
published  each  year  which  are  inadequate  due  to  conflicts  or 
errors. . . 

...it  is  necessary  to  advertise  projects  for  bids  with 
insufficiently  prepared  plans... 

...the  only  effective  review  period  is  during 
advert  1 sement . . . 

...comments  of  using  service  and  other  interested  parties 
frequently  are  received  too  late  to  incorporate  in  the 
advertised  project."  (32) 

Vet  17  years  later,  the  Green  Ribbon  Panel  found  "Procedures  to  provide 
quality  design  review. ..need  strengthening."  (33)  Specific  weaknesses 
noted  in  other  studies  (most  of  which  were  completed  since  1980)  were 
previously  referred  to.  Thus,  despite  publication  over  the  years  of 
numerous  regulations,  engineering  pamphlets,  studies,  reports,  and 
manuals,  many  Districts  still  fail  to  effectively  manage  one  of  the 
most  important  tools  for  controlling  project  cost  growth. 

In  addition  to  direct  cost,  indirect  cost,  and  lower 
productivity,  the  Corps  pays  for  poor  review  procedures  in  two  other 
areas  as  well;  customer  satisfaction  and  professional  reputation.  It 
was  suggested  in  Chapter  4  the  reason  for  the  high  percentage  of  user 
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requested  changes  was  -failure  to  properly  define  project  scope  during 

design.  Installation  involvement  during  the  initial  stages  of  design 

is  essential  to  insure  the  needs  and  desires  of  the  customer  are 

integrated  into  the  project.  Failure  to  involve  the  customer  can  lead 

to  a  deterioration  in  the  working  relationship  between  District  and  DEH 

and  lower  design  quality.  In  1983,  the  Blue  Ribbon  Panel  stated: 

"During  construction,  the  Corps  must  employ  better  techniques 
to  assist  the  customer/user  in  understanding  the  project  s 
progress  and  how  the  project  compares  with  his  original 
expectations.  The  process  of  responding  to  customer/user 
inquiries  must  also  be  improved.”  (34) 

This  conclusion  was  echoed  in  the  1985  report  of  the  Green  Ribbon 

Panel : 

“...there  is  ample  evidence  to  support  the  perception  that 
the  DE  (District  Engineer]  does  not  fully  involve  his 
customers  during  the  design  process.  The  most  widespread 
comments  include:  lack,  of  opportunity  to  participate  in  the 
design  reviews,  slow  response  to  requests,  poor  feedback  on 
design  review  comments,  claims  of  failure  to  consult 
the  customers  on  problems  and  perceived  lack  of  concern 
by  the  DE  over  customer  needs."  (35) 

Although  input  from  the  installation  is  essential,  it  should  be 
limited  to  the  functional  aspects  of  the  project,  and  not  include 
technical  design  or  construction  techniques.  The  1968  Texas  A&H 
Research  Foundation  study  found  that  unnecessary  reviews  by  the 
customer,  particularly  when  they  include  reviews  of  technical  design, 
were  one  of  their  top  ten  design  review  problems.  (36)  Their  1969 
report  was  more  specific: 

“The  Corps  of  Engineers  needs  Cto  adopt]  a  procedure  wherein 
only  the  functional  aspects  of  the  design  are  presented  to 
the  User  [sic]  for  review..."  (37) 

The  primary  reason  for  controlling  customer  input  to  the  review  process 
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is  the  cost  and  time  that  may  be  lost  reconciling  their  comments  with 
those  of  district  reviewers.  This  problem  may  be  aggravated  by 
different  interpretations  of  design  criteria,  preferences  in  material 
or  construction  methods,  or  differing  opinions  on  architectural 
aesthetics.  Thus,  it  may  be  concluded  that  customer  interface  is 
essential  for  improving  user  satisfaction,  understanding  the 
installation's  expectations,  and  defining  project  scope.  Once  the 
project  scope  has  been  determined,  however,  decisions  on  technical 
design  and  construction  methods  to  meet  those  requirements  are  best 
left  to  the  supporting  district. 

It  is  obvious  that  excessive  cost  growth,  numerous 
modifications,  and  failure  to  address  user  concerns  will  hurt  the 
Corps'  professional  reputation  with  the  customer.  That  reputation  may 
also  be  damaged  within  the  greater  engineering  professional  community, 
particularly  with  the  reliance  placed  on  private  A/E  firms  to  design 
many  Corps  projects.  Perceptions  held  of  the  Carps'  by  several  A/E 
firms,  although  not  specifically  mentioned,  can  be  inferred  from 
comments  made  during  the  South  Atlantic  Division's  Design  Quality 
Forum.  The  objective  of  the  forum  was  to  identify  the  significant 
things  that  adversely  affect  the  quality  of  the  product  private  A/E 
firms  provide  the  Savannah  District.  Frequently  cited  complaints 
included  poor  definition  of  project  scope;  failure  to  edit,  coordinate, 
and  consolidate  design  review  comments;  an  inflexible  fee  structure 
which  does  not  compensate  for  predesign  conferences  or  site  visits;  and 
loss  of  continuity  when  the  district  has  different  reviewers  at  each 
stage.  One  participant  stated  it  costs  30-407.  more  to  do  Corps  work 
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than  commercial  work  because  of  the  tendency  to  stop  and  start  work  and 
the  time  it  takes  A/E  '  s  to  respond  to  review  comments.  (38)  These  and 
other  problems  closely  parallel  the  issues  raised  in  this  and  other 
studies.  Consequently,  it  may  be  inferred  that  the  opinions  held  by 
the  forum's  participants  would  be  shared  by  A/Es  facing  similar 
circumstances  in  other  locations. 

The  final  area  of  general  agreement  was  the  use  of  separate 
review  teams  as  a  means  to  address  problems  with  the  conduct  of 
reviews.  Two  studies  supported  the  position  taken  in  this  paper  that 
separate  review  cells  are  needed  to  insure  reviews  get  the  priority 
they  need  to  be  effective.  The  first  the  1966  Texas  ARM  Research 
Foundation  report  which  concluded  such  a  cell  would  contribute  to 
providing  more  complete  reviews  of  plans  and  spec i f i cat i ons .  The 
report  states: 

"It  is  possible  that  a  reorganization  of  units  in  the 
Engineering  Division,  with  a  special  group  set  up 
specifically  to  review  plans  and  specifications,  is  a 
preferred  sequence."  (39) 

In  his  study  of  contractor  quality  control  on  Navy  projects,  Turowski 

concluded  many  potential  problems  could  be  eliminated  by  setting 

standards  for  design  quality  and  thoroughly  reviewing  all  aspects  of 

the  plans  and  specifications.  He  further  stated: 

"To  do  this  correctly,  the  Navy  would  be  required  to  invest 
a  considerable  amount  of  its  EFD  talent  into  the  formation 
and  operation  of  design  review  teams.  These  teams,  composed 
of  experts  in  each  aspect  of  the  projecv,  would  review  the 
potential  contract  in  far  more  depth  and  detail  than  is 
presently  being  accomplished.  A  review  conducted  in  this 
manner  would  not  only  clear  up  design  problems  before  they 
became  construction  problems,  but  would  also  alert  the 
[contract  A/E]  designers  that  the  Navy  is  interested  in 
complete,  quality  designs.  (40) 


125 


The  creation  of  a  separate  review  cell  does  not  imply  completely 
divorcing  review  from  design.  These  functions  are  closely  intertwined. 
The  review  team  should  be  located  within  Engineering  Division  to 
facilitate  communications  between  designer  and  reviewer.  But  it  seems 
essential  that  different  individuals  perform  these  tasks.  It  is 
unrealistic  to  expect  reviews  to  receive  the  priority  needed  to  be 
effective  if  forced  to  compete  with  other  essential  tasks. 

Q°QtracHctgry_F^nding5:^ 

Two  findings  of  this  study  were  found  to  be  in  substantial 
disagreement  with  the  findings  of  one  or  more  other  studies.  These 
were  the  correlation  of  cost  growth  by  project  size  and  the  correlation 
of  cost  growth  by  designer. 

The  issue  of  mod  cost  and  project  size  was  addressed  by  the 
Di ef mann -Nel son  study  and  in  Henry  Rowland's  masters  thesis.  Table  27 
compares  the  data  of  their  studies  with  the  data  of  this  study.  It 
should  be  noted  that  the  methodologies  they  used  differed  from  the 
methodology  used  here.  In  order  to  make  a  meaningful  comparison,  the 
data  from  their  studies  had  to  be  recomputed  using  the  methodology  of 
this  study.  Consequently,  the  figures  shown  in  Table  27  do  not 
necessarily  reflect  the  calculations  of  these  other  authors. 

The  findings  of  this  study,  expressed  in  Chapter  4,  was  that 
smaller  projects  tended  to  register  higher  levels  of  cost  growth.  This 
was  not  the  trend  established  in  the  other  two.  Diekmanns  data  shows 
no  discernable  trend;  Rowland's  indicates  that  cost  growth  rises  as 
projects  become  more  expensive.  It  is  therefore  not  possible  to  draw 
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meaningful  conclusions  concerning  cost  growth  and  project  size  until 
further  research  on  this  subject  is  conducted. 


Table  27 

Comparison  of  Findings  -  Cost  Growth  as  Function 
of  Project  Size 


Di ekmann-Nel son  Data_j41| 


Project 

Size 

(*000) 

No. 

Pro  j 

Total 

No. 

Claims 

Cost 

Growth 

Avg . 
Cost 

Per  Claim 

Less  Than  *1,000 

7 

34 

3.97. 

*  5,000 

*1,000  -  *5,000 

9 

128 

6.57. 

*16,000 

More  Than  *5 , 000 

6 

151 

6.0% 

*26,000 

Rowland  Data  (42) 

Project 

Total 

Avg . 

Size 

No. 

No. 

Cost 

Cost 

(*000) 

Pro  j 

Claims 

Growth 

Per  Claim 

Less  Than  *1,000 

4 

42 

6.27. 

*  3,400 

*1,000  -  *5,000 

1 1 

187 

7.7% 

*11,700 

More  Than  *5,000 

4  (NOTE)  87 

8.97. 

*31 ,100 

NOTE:  Rowland  originally  studied  20 

projects. 

He  deleted 

one,  however, 

as  it  had  too  Many  change 

orders  and 

woul  d 

lead  to 

a  false  interpretation  of 

data . 

This  Study 

Project 

Total 

Avg . 

Size 

No. 

No. 

Cost 

Cost 

(*000) 

Pro  j 

Claims 

Growth 

Per  Claim 

Less  Than  *1,000 

19 

96 

10.5% 

*  7,600 

*1,000  -  * 5,000 

6 

88 

3.57. 

*  7,600 

More  Than  *5 , 000 

0 

0 

— 

Both  of  the 

other 

studies  considered 

the  number 

Modifications  per  project  to  be  a  significant  indicator.  Rowland  used 
the  average  number  of  mods  per  project  by  size  category  as  an  indicator 
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of  complexity.  The  Di ekmann-Nel son  study  used  the  average  cost  per  mod 
for  the  same  purposes.  A  comparison  of  the  average  cost  per  claim  in 
each  study  shows  a  general  trend  toward  higher  cost  mods  in  larger 
projects.  However,  it  is  the  opinion  of  this  author  that  this  is  not 
really  meaningful,  since  the  number  of  items  of  change  which  may  be 
incorporated  into  a  single  mod  is  not  taken  into  account.  Both  of  the 
other  studies  address  the  issue  of  multiple  change  mods,  but  neither 
quantify  the  number  of  changes  per  mod  each  of  their  projects 
experienced.  Had  they  done  so,  a  meaningful  comparison  between  the 
cost  per  item  of  change  could  have  been  made  in  each  of  the  size 
categories.  As  it  is,  no  such  comparison  is  possible. 

The  Di ekmann-Nel son  study  also  addressed  the  issue  of  design  by 
in-house  versus  contracted  A/E  firms.  A  comparison  of  findings  is  at 
Table  28.  Although  the  cost  growth  for  A/E  designed  jobs  is  fairly 
close  for  both  studies,  there  is  significant  variation  in  the  cost 
growth  for  projects  designed  by  government  in-house  personnel.  This  is 
possibly  due  to  differences  in  local  policies  and  procedures,  although 
more  study  of  this  issue  is  needed  before  definitive  conclusions  can  be 
drawn . 

The  conflicting  findings  of  these  studies  indicates  that  data 
collected  to  date  on  the  issues  of  cost  growth  as  a  function  of  project 
size  and  design  agency  is  insufficient  to  make  any  generalizations. 
Further  research  is  needed,  at  differing  locations,  before  definitive 
conclusions  on  the  impact  of  design  agencv  on  cost  growth  can  be 
reached . 
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Table  28 

Comparison  of  Findings  -  Cost  Growth  as  Function 
of  Designer 


Di ekmann-Nel  son  Data  143 ) 


Total 

Pro  j 

Claim 

No. 

Amount 

No. 

Cost 

Cost 

Desi qner 

Proj 

(*000) 

Claims 

(*000) 

Growth 

In-House 

8 

*14,860 

89 

*1,570 

10.67. 

Contract  A/E 

14 

*89,040 

224 

*4,560 

5.17. 

I h  i  s_ 

.Study 

Total 

Proj 

Claim 

No. 

Amount 

No. 

Cost 

Cost 

Desi qner 

Pro  j 

(*000) 

Claims 

(*000) 

Growth 

In-House 

5 

*14,860 

27 

*  416 

2.87. 

Contract  A/E 

19 

*20,354 

225 

*  1,201 

5.97. 

F»ndings_Ngt_ftddre5sed_in_0ther_Studies| 

Five  issues  were  examined  in  this  study  that  were  not  found  in 
any  of  the  others.  These  issues  were: 

t.  Causes  of  modifications  by  items  of  change. 

2.  Cost  growth  as  a  function  of  project  type. 

3.  Disciplines  which  contribute  most  to  design  deficiencies. 

4.  Impact  of  failing  to  provide  feedback  to  reviewers  as  to 
the  disposition  of  comments  made  during  reviews. 

5.  Impact  of  formal  training  of  review  personnel  on  review 
consi stency . 

Consequently,  the  conclusions  drawn  are  made  within  the  context  of  the 
study  sample.  As  with  those  issues  in  disagreement  with  previous 
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findings,  additional  study  in  these  areas  is  needed  before  definitive 
conclusions  can  be  drawn. 

Summary! 

This  chapter  compared  the  findings  of  Chapters  4  and  5  with 
those  of  previously  completed  studies,  reports,  articles,  and  theses. 
Most  of  the  findings  of  this  study  were  corroborated  by  one  or  more 
other  papers.  This  carroborat i on  lends  external  validity  to  the 
methodology  and  findings  of  this  study.  On  many  of  the  corroborated 
issues,  the  findings  may  be  considered  conclusive.  Seven  issues, 
however,  were  found  where  findings  were  either  in  disagreement  with 
previous  studies  or  not  addressed.  Conclusions  reached  in  these  areas 
are  therefore  tentative  and  subject  to  verification  by  further 
research.  The  next  chapter  summarizes  these  conclusions  and 

specifically  identifies  recommendations  for  continued  study. 
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CHAPTER  7 


CONCLUSIONS  AND  RECOMMENDATIONS 


General  : 

This  chapter  summarizes  the  study's  findings,  conclusions,  and 
topics  recommended  for  further  study.  Those  findings  supported  by 
other  studies  are  considered  conclusive  unless  otherwise  noted. 
Findings  which  differ  from  those  of  other  studies,  or  concern  issues 
not  previously  addressed,  and  which  will  require  further  study  before 
definitive  conclusions  can  be  reached  are  so  identified. 

C§y|§§.2f_MgdLficati_gns_and_Cgst_Growth^ 

The  major  causes  of  modifications  and  cost  growth  in  military 
construction  projects  are  design  deficiencies,  user  requested  changes, 
and  unt  nown  site  conditions.  Whereas  there  may  be  local  variances  to 
this  general  conclusion  (as  noted  in  the  USAFEA  Korea  case  study  (li), 
almost  every  previous  study  which  examined  this  issue  cited  one  or  more 
of  these  reasons  as  primary  problem  areas.  Furthermore,  the  impact  of 
these  problems  can  be  directly  reduced  by  thorough  and  complete 
preconstruction  design  reviews. 

The  findings  of  this  study  indicate  that  the  two  design 
disciplines  wherein  most  design  deficiencies  occur  are  architectural 
(57. 5  X )  and  mechanical  (23.67.).  Civil,  electrical,  and  structural 
problems  together  account  for  the  remaining  18.97..  Consequently,  if 
the  emphasis  of  review  was  placed  on  architectural  and  mechanical  items 
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of  design,  significant  cost  growth  reduction  could  be  achieved.  This 
conclusion,  however,  is  based  on  the  findings  of  this  study  alone  and 
therefore  must  be  considered  tentative  until  further  research  on  this 
topic  is  conducted. 

CQ§t_gf Modifications! 

The  Corps  of  Engineers  pays  for  modifications  in  five  ways: 
direct  construction  costs,  indirect  administrative  and  overheac  costs, 
lower  productivity,  reduced  customer  satisfaction,  and  loss  of 
professional  reputation.  Direct  costs  are  the  most  visible,  as  they 
are  seen  in  the  dollars  actually  paid  to  the  contractor  for  contract 
changes.  Fewer  modifications  would  result  in  a  direct,  quantifiable 
reduction  in  cost  as  measured  in  spent  dollars. 

The  impact  on  indirect  costs  and  productivity  is  more  subtle. 
Districts  operate  with  relatively  fixed  staffing  levels.  The  work  of 
modification  design,  negotiation,  and  administrative  processing  must  be 
accomplished  by  the  same  people  responsible  for  project  design, 
contract  administration,  design  review,  quality  assurance,  and 
construction  inspection.  Consequently,  the  processing  of  modifications 
must  be  done  at  the  expense  of  these  other  critical  functions.  This 
can  result  in  a  cycle  (as  was  observed  in  the  resident  office  during 
this  study)  whereby  the  quality  of  review  suffers  because  those 
responsible  for  review  are  swamped  by  more  immediate  requirements  to 
process  mods  and  day-to-day  construction  functions.  This  lower  design 
and  review  quality  then  results  in  modifications  to  future  projects. 
The  processing  of  these  additional  mods  in  turn  impact  on  the  ability 
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to  conduct  future  reviews,  and  so  on.  The  district  finds  itself 
reacting  to  mods  as  they  occur  instead  of  acting  to  minimize  their 
occurrence.  Reducing  the  number  of  mods  to  be  processed  would  improve 
productivity  by  freeing  effort  that  could  be  concentrated  on  improved 
design  and  review  of  future  projects  and  quality  assurance  of  ongoing 
construction. 

Even  less  quantifiable  than  productivity  is  the  cost  of 
customer  dissatisfaction.  The  findings  of  the  Green  Ribbon  Panel 
indicate  this  problem  is  more  a  function  of  the  manner  in  which  reviews 
are  conducted  than  the  number  or  cost  of  mods  incurred.  In  the  report, 
i  nst al 1  at i ons  were  described  as  feeling  that  districts  often  do  not 
sufficiently  involve  installations  in  the  review  process,  do  not  heed 
review  comments,  and  are  generally  insensitive  to  customer  needs.  This 
in  turn  can  result  in  increased  numbers  of  user  requested  changes  as 
construction  progresses  and  it  becomes  apparent  that  the  facility  being 
built  may  not  meet  the  use  the  customer  intended  or  perceived.  This 
situation  is  not  always  the  fault  of  the  Corps.  Even  a  project  which 
received  a  full  using  service  review  during  design  can  have  changes 
made  during  construction  due  to  turnover  of  personnel  within  the  using 
agency  or  changed  requirements.  But  having  the  customer  involved  from 
the  beginning  can  go  a  long  way  to  reducing  the  number  of  mods  and  the 
potential  for  negative  feelings  that  may  be  generated  on  both  sides 
when  such  changes  become  necessary.  Installation  involvement  should  be 
limited  to  definition  of  project  scope  and  functional  design  review, 
begin  at  the  concept  stage  of  design,  and  continue  (at  the  functional 
level)  through  subsequent  reviews.  Comments  on  technical  design 
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issues,  materials,  construction  techniques,  etc.  should  be  left  to  the 
District. 

Like  customer  sa t 1 sf ac t i on ,  the  issue  of  the  Corps'  reputation 
within  the  professional  engineering  community  seems  more  a  function  of 
the  manner  design  and  reviews  are  handled  than  the  number  of 
modifications  produced.  Comments  expressed  during  the  South  Atlantic 
Divisions  Design  Quality  Forum  cite  problems  with  coordination  of 
review  comments,  lack  of  funding  for  site  visits,  poor  project  scope 
definition,  and  lack  of  continuity  in  design  review.  A  member  of  one 
participating  A/E  firm  stated  it  costs  "30-407.  more  to  do  Corps  work 
than  commercial  work  because  of  the  tendency  to  stop  and  start  work  and 
the  time  it  takes  to  respond  to  comments."  (2)  This  cost  is  of  course 
passed  on  to  the  government.  Providing  a  smooth,  efficient 
design-review  system  would  help  diminish  these  problems  and  enhance  the 
Corps'  overall  reputation. 

The  conclusions  drawn  regarding  mod  impact  on  productivity, 
customer  satisfaction,  and  professional  reputation  are  drawn  from 
limited  sources  and  must  therefore  be  considered  tentative  until 
further  study  is  made.  Future  studies  should  attempt  to  quantify  the 
impact  these  areas  have  on  district  overhead,  design  and  review 
quality,  and  customer  relations. 

IiE*Ct_9f_Rfyiews_gn_Mgdificati.gns_and_Cgst_6rgwthi 

Technical,  constructibi 1 ity,  and  using  service  reviews  have  a 
direct  impact  on  reducing  modifications  and  cost  growth.  These  were 
Projects  receiving  all  three  of  these  reviews  were  found  to  have 
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overall  lower  cost  growth  ( 4 . 7'/. )  than  projects  not  receiving  all 
reviews  i  15. 47. ) .  Additionally,  there  was  a  lower  percentage  of  cost 
growth  due  to  design  deficiencies  for  projects  fully  reviewed. 
However,  the  data  indicates  that  review  practices  may  not  always 
provide  a  consistent  quality  of  review  for  all  projects.  Of  the  21 
projects  receiving  all  three  reviews,  nine  (43 ’/. )  still  had  unacceptably 
high  levels  of  cost  growth.  Furthermore,  reviews  conducted  on  the 
projects  studied  did  not  adequately  anticipate  site  condition  problems 
and  user  requested  changes.  It  is  therefore  concluded  that: 

1.  In  general,  reviews  reduce  cost  growth. 

3.  All  three  types  of  review  are  essential.  Failure 
to  conduct  any  or  all  of  them  can  result  in 
significant  cost  growth. 

2.  In  order  to  be  effective,  reviews  must  consistently 
be  conducted  in  a  systematic  and  coordinated  manner. 

An  attempt  was  made  to  determine  review  cost  effectiveness. 
However,  accounting  procedures  in  practice  at  the  district  from  which 
this  data  was  collected  did  not  record  amounts  or  time  spent  on  review 
for  each  project.  One  study,  Finley's,  was  found  where  a  benefit/cost 
analysis  was  conducted  on  constructibility  reviews  on  Navy  projects. 
Although  the  results  indicate  an  excellent  return  on  investment  for 
review  time,  the  findings  must  be  considered  tentative  as  they  were 
drawn  from  only  two  projects.  Additional  study,  using  Finley  5 
methodology,  is  necessary  to  reach  a  definitive  conclusion.  It  is 
recommended  such  a  study  be  conducted  for  reviews  at  each  stage  of 
design,  in  order  to  determine  a  "break:  even"  point  between  reduced  cost 
growth  and  unnecessary  review. 
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l!?£*£t_9f_P?!9j§££_l¥G§_9Q_!?9dific§tign5_and_Cgst_Growth: 

OMA  and  AFH  projects  were  Found  to  experience  higher  levels  of 
cost  growth  than  MCA  projects.  OMA  and  AFH  projects  tend  to  be  less 
expensive  and  do  not  appear  to  receive  the  same  quality  of 
preconstruction  reviews  as  the  hi gher-pr i ced  MCA  projects.  MCA 
projects,  on  the  other  hand,  seem  to  be  more  thoroughly  reviewed  and 
consequently  have  a  lower  percentage  of  their  adjusted  contract  amounts 
spent  on  modifications.  This  is  somewhat  understandable,  since  MCA 
projects  tend  to  be  more  expensive  and  each  percentage  point  of  cost 
growth  represents  a  higher  dollar  amount  than  a  corresponding  increase 
in  growth  for  an  OMA  or  AFH  project. 

But  where  OMA  and  AFH  projects  have  a  lower  impact  on  dollar 
cost,  they  may  have  a  much  greater  impact  on  customer  satisfaction. 
Most  projects  ongoing  at  the  installation  studied  were  OMA  and  AFH 
funded.  Often  they  were  constructed  under  conditions  of  joint 
occupancy,  where  the  user  was  still  occupying  the  facility  being  worked 
on.  Consequently,  these  projects  had  much  greater  customer  visibility 
than  MCA  projects  which  tended  to  be  isolated  and  under  Corps  control. 
It  seems  customers  in  general  have  a  higher  regard  for  the  way  the 
Corps  manages  MCA  projects  than  they  do  OMA/AFH  projects.  This  may  be 
due  to  the  fact  the  customer  15  more  insulated  from  day  to  day  problems 
on  larger  projects  than  those  where  facilities  are  shared.  It  is 
concluded  that  greater  attention  must  be  paid  to  these  smaller  projects 
in  order  to  improve  customer  relations  and  enhance  the  product  provided 
the  installation  by  the  Corps. 
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This  finding  is  tentative,  however,  since  no  other  studies  were 
found  which  addressed  the  issue  of  cost  growth  as  a  function  of  project 
type.  Additional  research  in  this  area  is  needed.  Recommend  such  a 
study  concentrate  not  only  on  cost  growth  but  also  the  perceptions  of 
the  customer  as  to  which  types  of  project  seem  to  be  the  more 
efficient. 

I*EdEt_gf_F'rG2ect_Size_gn_MgdMicatigns_and_Cgst_Grgwth^ 

The  issue  of  project  size  is  closely  related  to  the  issue  of 
project  type,  since  OMA  and  AFH  projects  tend  to  be  smaller  than  MCA 
projects.  The  findings  of  this  study  indicate  high-cost  projects 
experience  lower  percentages  of  cost  growth  than  do  smaller  projects. 
This  finding,  however,  does  not  agree  with  the  findings  of  other 
studies.  The  Oiekmann -Nelson  data  shows  no  correlation  between  cost 
growth  and  size,  whereas  the  Rowland  data  indicates  cost  growth 
increases  with  increasing  project  size.  These  differences  could  be  due 
to  varying  local  practices  and  conditions,  or  it  could  be  that  the  data 
base  is  just  too  small  from  which  to  determine  general  trends.  In 
either  case,  this  is  an  area  requiring  additional  study  before  general 
conclusions  may  be  drawn.  The  close  relation  of  project  size  to 
project  type  would  indicate  that  perhaps  one  study  could  address  both 
issues. 

l5E‘*Et_qf_Design_Agency_gn_MgdMicati.gn5_and_Cgst_Grgwt.L!i 

Like  the  issue  of  project  size,  the  findings  of  this  study 
concerning  cost  growth  and  design  agency  differ  from  the  findings  ot 
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the  only  other  study  found  which  addressed  this  area.  Data  from  the 
Di ekmann -Nel son  study  indicates  cost  growth  for  projects  designed  by 
contracted  A/E  fi.ns  (5.17.)  is  significantly  lower  than  projects 
designed  by  in-house  government  engineers  (10.67.).  The  results  of  this 
study,  however,  show  just  the  opposite.  The  cost  growth  of  A/E 
designed  projects  (5.9%)  is  higher  than  those  of  in-house  designed 
projects  (2.87.).  It  is  interesting  to  note  that  the  cost  growth  of  A/E 
projects  for  both  studies  is  roughly  equal  (5.17  to  5.97).  The 
differences  in  the  figures  for  in-house  design  may  be  due  to  different 
local  procedures  and  practices  within  the  respective  districts  studied. 
It  nay  tentatively  be  concluded  that  A/E  designed  projects  can  expect 
5-67  cost  growth,  while  cast  growth  for  in-house  designs  will  vary 
depending  on  local  conditions.  These  conditions  may  include  review 
policy,  design  policy,  relationships  with  the  supported  installations, 
internal  procedures,  the  proximity  of  the  designer  to  the  project  for 
site  visits,  and  work  load.  The  issue  of  design  agency  and  cost 
growth,  however,  is  another  area  requiring  further  study  before 
definitive  conclusions  may  be  reached . 

?y5lifl£§^i9D§_9f_B?vift!_P§E§9DD§Ii 

The  personnel  performing  technical  and  c onst r uc t l bi 1 l t y  reviews 
on  the  25  projects  included  in  this  study  generally  possessed  the 
requisite  education,  training,  and  experience  to  conduct  good  reviews. 
Those  responsible  for  technical  review  tended  to  have  more  education 
and  experience  in  technical  design.  Many  held  professional 
cert i f i cat i on  within  their  design  fields.  Those  responsible  for 
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constructibi  1 1  ty  reviews  had  less  formal  education,  but  much  greater 
practical  experience,  especially  in  construction.  Almost  everyone  was 
convinced  good  reviews  saved  the  government  money  and  should  be 
conducted  for  all  types  and  sices  of  projects.  Consequently,  poorly 
qualified  individuals  or  people  with  poor  attitudes  toward  reviews  can 
be  eliminated  as  major  causes  of  problems  with  the  system  used  to 
review  the  projects  of  this  study. 

Two  potential  areas  of  weakness  were  found.  The  first  was  the 
lack  of  construction  experience  among  those  doing  technical  reviews  and 
the  lack  of  design  experience  among  those  doing  constructibi 1 i ty 
reviews.  It  would  be  a  distinct  advantage  for  someone  designing  (or 
technically  reviewing)  a  project  to  have  some  experience  in  how  that 
project  would  be  constructed.  Similarly,  it  would  be  advantageous  for 
the  individual  doing  constructibility  reviews  to  have  some  experience 
with  technical  design.  This  cross  training  was  noticeably  absent  from 
the  personnel  reviewing  the  projects  studied.  The  second  was  the 
relative  lack  of  standardized  formal  training  in  the  conduct  of 
reviews.  It  has  been  noted  that  almost  everyone  involved  with  reviews 
had  education  and  experience  within  his  or  her  area  of  expertise. 
However,  the  lack  of  a  common  base  of  training  results  in  most  of  those 
doing  reviews  approaching  them  from  the  framework  of  past  experiences. 
This  does  not  lend  itself  to  providing  a  consistent  product  due  to  the 
varied  backgrounds  of  the  individuals  concerned.  Whereas  these  areas 
by  themselves  do  not  present  major  problems,  they  can  aggravate  the 
overall  lack  of  review  quality  consistency  caused  by  the  other 
procedural  problems  identified. 


142 


Review_Iime_Available: 


The  major  problem  with  reviews  in  this  study  was  found  to  be 
the  lack  of  available  time.  The  time  provided  reviewers  was  found  to 
be  far  short  of  the  time  needed  to  do  reviews  and  other  competing  work 
requirements.  Those  tasked  with  the  mission  of  technical  and 

constructi  bi  1 1  ty  review  were  often  the  same  individuals  doing  project 
design,  quality  assurance,  construction  inspection,  modification 
processing,  and  other  contract  administration  functions.  It  is 
concluded  that  reviews  are  not  likely  to  receive  the  priority  needed  to 
be  fully  effective  unless: 

1.  the  review  mission  is  conducted  by  individuals  who  have 
review  as  their  first  priority  of  effort  or 

2.  the  limitations  imposed  on  review  quality  by  reviewers 
having  multiple  responsibilities  are  recognized  and 
planned  for. 

This  could  involve  either: 

1.  a  separate  technical  review  team  in  Engineering  Division 
and  a  separate  construe t i bi 1 i ty  review  team  within 
Construction  Division  or 

2.  one  review  team  containing  both  design  and  construction 
experienced  personnel 

and 

3.  field  representati ves  working  with  the  review  teams 
to  make  maximum  use  of  the  construction  inspectors 
on-site  expertise  without  placing  the  full  responsibility 
for  thorough  constr uc t i b i 1 i t y  review  on  their  shoulders. 

Since  the  functions  of  review  and  design  are  so  closely  intertwined, 

the  review  team  (or  teams)  should  be  physically  and  organizationally 

located  close  to  those  doing  project  design.  By  separating  reviews  in 
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this  manner,  it  would  be  possible  to  place  a  concentrated  effort  on 
reviews  and  thereby  reduce  modifications  and  cost  growth. 


8?view_ Procedures: 

A  variety  of  procedural  problems  were  discovered  during  this 
study.  Although  no  one  problem  was  found  serious  enough  by  itself  to 
be  significant,  the  combined  effect  of  all  is  concluded  to  be  major  a 
detractor  from  review  quality.  Consequently,  what  is  needed  is  an 
overall  policy  within  the  District  that  provides  guidance  on  each 
issue.  Such  a  policy  should  address  the  following  items  for  both 
technical  and  c on s t r uc t l b l 1 l t y  reviews: 

1.  Guidance  on  what  to  review  and  how  to  review  it.  The  use 
of  checklists  (such  as  the  Navy's  “Redicheck"  system) 
could  be  used  as  a  working  tool  to  provide  this  guidance. 

In  addition  to  assisting  reviewers,  a  completed  checklist 
would  assist  managers  in  coordinating  reviews  at  different 
stages  between  different  reviewers.  The  completed 
checklist  would  provide  an  indicator  of  which  items  have 
been  reviewed  ard  which  have  not  (for  whatever  reason). 
Managers  could  use  this  information  to  determine  where 

to  concentrate  future  review  effort. 

2.  Information  flow  procedures.  This  should  include  comments 
between  reviewer,  designer,  and  the  customer.  It  should 
also  include  feedback  from  the  designer  to  the  reviewer  as 
to  the  disposition  of  review  comments.  Finally,  it  should 
include  methods  insuring  comments  from  previous  reviews 
are  made  available  to  all  subsequent  reviewers. 

3.  Coordination  of  review  comments.  All  review  comments 
should  be  edited,  evaluated,  and  consolidated  prior  to 
being  turned  over  to  the  designer  for  action.  This  would 
preclude  the  designer  having  to  decide  between  conflicting 
review  comments.  Techniques  should  be  developed  to  insure 
appropriate  review  comments  are  incorporated  into  final 
design. 

4.  Site  visits  and  use  of  destructive  testing.  Guidance 
should  be  provided  on  when  site  visits  are  needed,  who 
conducts  them,  and  what  should  br  looked  for  at  the  site. 
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5.  Formal  review  training  procedures  and  standards. 

6.  Qual i f i cat i ons  of  review  personnel. 

7.  Role  of  the  customer  in  the  review  process.  Guidance 
should  be  provided  as  to  the  type  of  comments  expected 
fro#  the  customer  (limited  to  scope  definition  and 
functional  items)  and  the  districts  role  in  using  service 
reviews. 

8.  The  criteria  by  which  reviewers  are  assigned  to  each 
project . 

Such  a  policy,  if  properly  enforced  and  combined  with  specialized 
review  teams,  could  substantially  improve  review  procedures  and  thereby 
reduce  modi f i cat i ons  and  project  cost  growth. 


Be£9S9iQdat l gns_f or_Further_Study| 

The  following  is  a  summary  of  those  topic*  recommended  for 

additional  study  before  final  conclusions  can  be  drawn: 

1.  The  causes  of  user  requested  changes  and  the  method  by 
which  functional  reviews  (or  other  actions)  by  the  using 
service  and  the  Corps  can  be  used  to  preclude  those 
causes . 


2.  Sources  of  design  deficiencies  and  the  design  disciplines 
within  which  they  are  most  likely  to  occur.  This  in  turn 
could  lead  to  a  model  for  the  conduct  of  reviews  which 
focusses  on  the  areas  most  likely  to  lead  to 

modi f i cat l ons . 

3.  The  impact  of  modifications,  cost  growth,  and 
design/review  procedures  on  District  productivity, 
customer  satisfaction,  and  the  Corps  professional 
reputation.  Although  often  discussed,  no  studies  were 
found  which  made  a  formal  effort  to  analyze  the  effects  of 
mods  on  these  intangible  elements  of  cost. 

4.  The  cost  effectiveness  of  reviews  in  relation  to  project 
cost  growth.  Recommend  a  study  be  conducted,  using 
Finley's  benefit  cost  analysis  model  (3),  to  quantify  the 
actual  benefit  of  technical  and  construct  ibi 1 1 ty  design 
review.  It  is  further  recommended  that  such  an  analysis 
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be  conducted  for  reviews  at  each  stage  of  design,  with  the 
intent  of  determining  the  break-even  point  between  reduced 
cost  growth  and  excessive,  unproductive  review. 

5.  The  relationship  between  project  type,  project  size,  and 
design  agency  on  change  orders  and  cost  growth.  Although 
addressed  in  other  studies,  the  findings  to  date  are  not 
in  agreement  and  therefore  not  conclusive.  Establishing 

a  relationship  between  cost  growth  and  these  factors 
would  help  provide  a  focus  for  review  effort. 

6.  The  extent  and  impact  non-essential  administrative 
requi rements ,  imposed  on  design  elements  within 
Engineering  Division,  detract  from  design  and  review 
quality.  Data  collected  during  this  study  indicated 
competing  work  requirements  as  a  major  reason  reviews 
were  not  conducted  to  the  level  of  thoroughness  desired. 
However,  the  exact  nature  of  those  other  tasks  was  not 
examined.  Discussions  with  personnel  within  Engineering 
Division  indicates  many  of  them  may  be  unnecessary. 
Identifying  and  eliminating  unnecessary  requirements  could 
greatly  assist  in  improving  design  and  review 

ef  f  ec  1 1 veness . 

7.  The  impact  of  current  funding  rates  and  procedures  on  the 
quality  of  design  and  review.  It  is  ironic  that  the 
Government  places  rather  strict  constraints  on  the  money 
that  can  be  spent  on  design  and  review  and  yet  always  has 
the  money  to  pay  later  claims.  Research  in  this  area 
should  concentrate  on  establishing  realistic  rates  for 
design  and  review  based  on  local  conditions  and  project 
type,  size,  and  scope. 


Summary^ 


Excessive  mods  and  cost  growth  are  symptomatic  of  problems 
within  the  design  and  review  process.  The  problems  identified  during 
this  study  are  not  new.  Design  deficiencies,  unknown  site  conditions, 
and  user  requested  changes  have  been  identified  in  numerous  studies  and 
reports  over  the  years  as  having  substant i al 1 y  increased  cost  growth  on 
military  construction  projects.  It  has  been  shown  that  these  areas  can 
be  controlled  by  a  thorough  preconstruction  design  review  process. 
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This  process  includes  technical,  const  rue 1 1 b 1 1 1 1 y ,  and  using  service 
reviews  as  well  as  improved  customer  involvement  in  the  design  and 
review  process  and  improved  review  procedures.  i  h e  chief  mission  of 
the  Corps  is  good  construction.  Realizing  that  goal  requires  the 
dedication  of  resources  long  before  construction  actually  begins.  A 
commitment  must  be  made  by  customers,  Districts,  and  the  Corps  as  a 


whole  on 

this 

i ssue. 

Failing 

to  devote 

adequate  resources 

to 

preconstruct  1  on 

design 

and  review 

activities 

is  false  economy. 

The 

connecti on 

between  good 

reviews  and 

low  cost 

growth  has  been 

wel  1 

established  by  this  and  other  studies.  One  way  or  the  other,  reviews 
are  going  to  be  paid  for.  They  can  either  be  paid  up  front,  with  a 
correspondi ng  decrease  in  cost  growth,  or  they  will  be  paid  for  during 
construction  with  lower  District  productivity,  increased  indirect  cost, 
project  delays,  reduced  customer  satisfaction,  and  higher  construction 
costs. 
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Endnotes  -  Chapter  7 


1.  USA-CERL,  "Ways  to  Improve  Construction  Contract  Modification 
Processing:  USAFEA  Korea  Case  Study",  (CERL  Technical  Report  P-85/11, 
Mav  1985). 

I  2.  Cor p 5  of  Engineers  South  Atlantic  Division,  "Minutes  of  the  Design 

Quality  Forum",  (Savannah  District,  3  September  1985),  page  2. 

3,  Lloyd  S.  Finley,  "Examination  of  the  Const r uc t ab l 1 l t y  [sic!  Review 
in  Government  Contracting”,  (Master  s  thesis,  Purdue  University,  School 
of  Civil  Engineering,  3  August  1984). 
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APPENDIX  1 

OPERATIONAL  DEFINITIONS 


Operational  Definitions 


Bilateral  Modification.  A  change  order  on  which  the 
Contracting  Officer  and  the  contractor  have  agreed  to  a  price  and/or 
time  adjustment. 

Change  Order  (Constructive).  An  act  or  failure  to  act  by  the 
Government  which  has  the  effect  of  requiring  the  contractor  to 
accomplish  wort  different  from  that  required  by  the  ensting  contract 
documents. 

Change  Order  (Directed).  A  contract  modification  which 
requires  the  contractor  to  accomplish  work  different  from  that  required 
by  the  existing  contract  documents  where  the  changed  work  requirements 
fall  under  the  general  scope  of  the  contract  and  within  the  physical 
limits  of  the  construction  site. 

Changed  Work.  The  contract  requirements  altered  by  a  contract 
mod  1 f i c at i on  . 

Claim.  Any  written  demand  by  a  contractor  for  money  and/or 
time  extensions  arising  under  the  contract  terms,  even  if  the  amount  of 
money  or  time  is  unstated. 

Cons  t  rue  1 1  b  1 1  1 1  y  Review.  F'reconstruct  i  on  design  review 
conducted  to  insure  the  project  can  be  built  as  designed.  The  purpose 
of  this  review  is  to  identify  potential  construction  conflicts  within 
the  design  as  well  as  between  design  and  existing  facilities. 

Contract  Change.  Any  variation  from  the  terms  or  requirements 
of  a  contract.  Commonly  called  "change"  or  "modification". 

Contract  Clause.  Any  general,  special,  or  technical  provision, 
or  part  thereof,  of  a  contract. 

Contract  Completion  Date.  Date  established  by  the  contract  for 
completion  of  all  or  of  specified  portions  of  the  work. 

Contracting  Officer  (CO).  Any  person  (usually  the  District  or 
Division  Engineer,  or  his  designated  representat l ve )  authorized  to 
enter  into  and  administer  contracts  and  to  make  determinations  and 
findings  with  respect  thereto. 

Design  Change  (“No-fault"  changes).  A  change  for  which 
redesign  effort  is  required.  A  design  change  materially  affects  the 
approved  requirements,  the  basis  of  design,  the  existing  scope  of  the 
contract  plans  and  specifications,  or  operating  capability  of  the 
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facility.  Examples  of  sources  for  design  changes  include  changes  to 
design  criteria,  building  codes,  safety  cades ,  etc. 

Design  Deficiency.  A  design  deficiency  is  defined  as  an  error 
clearly  due  to  faulty  design  or  a  deficiency  due  to  the  failure  of  the 
designer  to  properly  take  into  account  all  visible  aspects  of  site 
conditions.  It  is  further  defined  as  deficiencies  due  to  the  failure 
of  the  designer  to  proof  read/coordinate  plans  and  specifications.  For 
the  purpose  of  this  study,  the  benefit  of  the  doubt  went  to  the 
designer.  Any  item  of  change  included  in  a  sod  which  does  not  meet  the 
above  criteria  is  listed  under  some  classification  other  than  design 
deficiency.  CgnseguentlyJ__the__guantity__of_items_labeled_as_design 

d?f I ci encies_ is_grobably_ cgnser yatiyfi 

Differing  (or  Unknown)  Site  Conditions.  Refers  to  (1) 
subsurface  or  latent  physical  conditions  at  the  site  differing 
materially  from  those  indicated  in  the  contract  and  (2)  unknown 
physical  conditions  at  the  site,  of  an  unusual  nature,  differing 
materially  from  those  ordinarily  encountered  and  generally  recognized 
as  inhering  in  work  of  the  character  provided  for  in  the  contract. 

Direct  Costs.  Cost  of  the  materials,  supplies,  eguipment,  and 
prime  contractor  or  sub-contractor  work  and  labor  that  go  into  and  can 
be  clearly  identified  with  a  particular  phase  of  construction. 

Impact  Costs.  Impact  costs  are  those  costs  related  to  the 
indirect  effects  of  a  change  order.  These  effects  are  felt  on  portions 
of  the  project  related  to,  but  not  directly  involved  with,  the  specific 
items  being  changed. 

Indirect  Costs.  Indirect  costs  are  those  costs  that  cannot  be 
attributed  to  a  single  item  or  unit  of  construction  work.  For  this 
study,  indirect  costs  are  limited  to  admini strati ve  and  wage  costs 
incurred  by  the  District  to  process  modifications. 

Items  of  Change.  Those  elements  of  the  original  contract  being 
changed  by  the  modification.  For  this  study,  all  "line  items  of 
change"  were  considered  equal,  regardless  of  cost.  For  example,  the 
removal  of  asbestos  from  Project  15  (total  cost  $260,000)  is  one  “item 
of  change"  as  was  the  admi ni strat i ve  correction  of  a  paragraph  of  a 
specification  even  though  the  specification  correction  involves  no  cost 
to  the  government.  Mods  may  include  one  or  more  of  these  change  items. 
Like  items  within  a  mod  are  counted  as  only  one  "line  item".  For 
example,  if  five  housing  units  involved  in  the  same  project  each 
require  identical  changes  to  the  electrical  design,  that  change,  even 
though  repeated  five  times,  is  counted  as  one  "line  item  of  change*. 

Modification.  A  formal  document  that  alters  the  contract 
specifications,  delivery  point,  rate  of  delivery,  contract  period, 
price,  quantity,  or  other  contract  provisions  of  an  existing  contract. 
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Resident  Contracting  Officer  (RCO) .  The  Government 
representative  at  the  project  site  who  is  authorized  to  execute  small 
dollar  amount  modifications  under  the  Changes  clause  of  the  contract 
General  Provisions.  Under  certain  conditions  he  may  be  delegated 
greater  monetary  and/or  authority  under  other  clauses  of  the  General 
F'rovi si ons. 

Resident  Engineer.  The  manager  of  the  field  office  responsible 
to  the  district  office  for  the  immediate  on-site  administration  of  one 
or  more  construction  contracts.  This  individual  may  or  may  not  be  the 
RCO  for  the  contracts  he  administers. 

Supplemental  Agreement.  A  contract  modification  for  work 
outside  the  scope  of  the  contract. 

Technical  Review.  Preconstruct i on  design  review  conducted  to 
insure  appropriate  codes,  regulations,  and  design  practices  are  adhered 
to.  Its  purpose  is  to  identify  errors  in  the  technical  aspects  of 
desi gn . 


Unilateral  Modification.  A  change  order  issued  by  the 
Contracting  Officer  in  accordance  with  his  determination  of  an 
equitable  price  and  time  adjustment,  but  which  the  contractor  does  not 
agree  to  and  does  not  sign. 

Using  Service.  The  Government  agency  or  other  entity  that  will 
“own"  and  operate  the  facility  being  constructed. 

Using  Service  Review.  Preconstruction  functional  review 
conducted  by  the  using  service,  usually  under  the  supervision  of  DEH. 
At  a  minimum,  it  should  be  conducted  at  the  concept  review  (  107.  design 
stage)  and  657.  completion  stage  of  the  design  process  to  insure  the 
design  meets  the  requirements  of  those  who  are  to  use  the  finished 
product.  The  purpose  of  this  review  is  to  insure  the  project  scope  is 
understood  by  all  and  identify  des i gn /construe t i on  constraints  imposed 
by  the  installation  such  as  funding,  time,  joint  occupancy,  utilities, 
mobilization  site  security,  etc. 


/ 
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APPENDIX  2 

PROJECT  SUMMARY  SHEETS 


TABLE 

TITLE 

PAGE 

29 

Summary 

by 

Cost  of  Modification 

154 

30 

Summar  y 

by 

Items  of  Change 

156 

TABLE  29 


SUMMARY  OF  PROJECTS 
By  Cost  of  Modification 

Data  as  of  24  Jan  19C6 


Size  of  Project: 


Type  Project: 

All  Three  Reviews: 

Design  Agency: 

Less 

than  4500,000 

=  14 

MCA  =  5 

Ve5  = 

21 

IN-HOUSE  = 

5 

4500 

000  -  41 

,000,000 

=  5 

ONA  =  15 

No 

= 

4 

A/E  = 

20 

41,000,000  - 

45,000,000 

=  6 

AFH  =  5 

1  REASON  FOR  MODIFICATION  (By  Cost  per 

I tea  of  Change)  ! 

l 

1 

1 

i 

ADJ 

PROJ 

PROJ 

TYPE  REVIEWS 

NODS 

1  USER 

DESIGN 

SITE 

DESI6N 

VALUE 

OTHER  ) 

CQNTR 

COST 

NO. 

PROJ 

(No.  I 

DESIGN 

(TOTH  REQUEST  DEFICIENCY 

COND 

CHANGE 

EN6RN6 

AMOUNT 

6R0NTH 

1 

ONA 

1 

A/E 

16 

!  40 

456,690 

458,911 

46,719 

(4374) 

418,443  ! 

4796,000 

17.67 

2 

ONA 

3 

A/E 

6 

I  411,125 

40 

40 

40 

(4658) 

40  i 

483,000 

12.67 

3 

NCA 

3 

A/E 

33 

1  454,477 

4116,444 

410,941 

49,087 

(43,263) 

447,782  ) 

44,637,000 

5.17 

4 

NNCA 

3 

A/E 

18 

!  444,931 

419,701 

419,141 

42,338 

40 

40  : 

4893,600 

9.67  • 

5 

NCA 

3 

A/E 

39 

!  469,081 

452,778  4287,645 

42,400 

40 

40  ! 

44,666,590 

8.87  »» 

6 

ONA 

3 

I-H  (I) 

6 

1  40 

4390 

46,475 

40 

40 

417,250  ! 

4224,567 

10.77 

7 

ONA 

3 

A/E 

6 

!  40 

41,923 

4565 

4324 

40 

40  : 

4340,000 

0.87 

8 

ONA 

3 

A/E 

3 

1  46,606 

40 

(47,736) 

4151 

40 

4150  1 

4157,500 

-0.57 

9 

ONA 

J 

I-H  (I) 

2 

!  40 

40 

42,924 

40 

40 

40  1 

41,006,260 

0.37 

10 

ONA 

3 

A/E 

1 

!  40 

45,814 

40 

40 

40 

40  1 

479,191 

7.37 

11 

ONA 

3 

A/E 

7 

!  40 

452,841 

411,356 

(413,070) 

40 

44,505  1 

4488,970 

11.47 

12 

ONA 

3 

I-H  (01 

l 

1  40 

40 

40 

(41001 

40 

40  i 

*  Tl ,432 

-0.17 

13 

ONA 

3 

A/E 

8 

I  45,331 

48,827 

40 

46,086 

40 

47,295  ! 

4209,603 

13.17 

14 

AFH 

3 

A/E 

25 

:  416,199 

424,110 

457,540 

44,477 

40 

459,096  ! 

4860, 5lfr 

18.87 

15 

ONA 

2 

A/E 

16 

14189,818 

43,178  4187,659 

443,380 

40 

453,373  ! 

4536,300 

89.07  t« 

16 

AFH 

0 

A/E 

5 

1  49,765 

48,469 

43,778 

43,132 

40 

40  ! 

4207,500 

12.17 

17 

AFH 

2 

A/E 

5 

1  40 

444,595 

40 

40 

40 

47,725  i 

4411,373 

12.77 

18 

NCA 

3 

I-H  (D) 

12 

!  414,114 

456,975 

40 

47,886 

40 

47,000  ! 

43,000,000 

2.97 

19 

MCA 

3 

A/E 

28 

1  44,608 

447,959 

497,713 

411,022 

(42,516) 

40  ; 

44,075,100 

3.97  * 

20 

ONA 

3 

A/E 

10 

1  410,459 

42,492 

46,416 

40 

40 

40  1 

4267,000 

7.37 

21 

ONA 

3 

I-H  m 

6 

1  424,486 

42 -6 

40 

40 

40 

41,897  ! 

4605,443 

4.47 

22 

AFH 

3 

A/E 

6 

!  420,123 

(47,500) 

40 

4319,250 

40 

40  1 

41,247,433 

26.67  ♦  « 

23 

AFH 

3 

A/E 

6 

!  49,323 

40 

40 

443,775 

40 

40  ! 

4505,742 

10.57 

24 

ONA 

3 

A/E 

2 

I  41,959 

40 

40 

40 

40 

40  : 

4173,000 

1.17 

25 

ONA 

3 

A/E 

1 

1  40 

40 

40 

40 

40 

42,798  1 

4254,500 

1.17 

TOTALS 

268 

14492,405 

4495,892  4743,328  4446,857 

46,811 

4227,314  1425,797,622 

9.47 

PERCENTAGES 

1  20.41 

20.61 

30.87 

18.51 

0.37 

9.47! 

(CONTINUED  ON  NEU  PA6E) 
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TABLE  29 


Project  Suttary  (By  Cost  -  Continued) 


NOTES: 

1.  Project  15  teramated.  Nods  shown  do  not  include  those  initiated  because  of  termination. 

2.  Project  lit  award  aaount  adjusted  for  deleted  wort. 

5.  Project  114  award  atount  adjusted  for  deleted  work. 

4.  Project  117  award  aeount  adjusted  to  reflect  user  requested  cre<,.c  of  $33,804. 

Credit  resulted  fro*  termination  of  work.  Bid  atount  adjusted  by  subtracting  value  of  work  not  completed 
fro*  original  contract  value. 

5.  Project  121  award  atount  adjusted  for  deleted  work. 

6.  Project  122  award  atount  adjusted  for  deleted  work. 

7.  Project  123  award  atount  increased  by  atount  of  suppleiental  aqreeaent. 

8.  Suts  for  value  engineering  tods  shown  as  absolute  value  of  dollar  atount. 

9.  Asterisk  (*>  indicates  projects  not  yet  cotplete: 

Project  I  4  at  967  as  of  24  Jan  86. 

Project  119  at  991  as  of  24  Jan  8b. 

Project  122  at  817  as  of  24  Jan  86. 

10.  I-H  (I)  indicates  in-house  design  done  by  the  installation. 

I-H  (D)  indicates  in-house  design  done  by  the  supporting  District  office. 

11.  Double  asterisk  (»*)  indicates  projects  that  were  further  adjusted  as  follows: 


There  are  two  individual  expense  itets  which  have  a  disproportionate  ltpact 

on  the  results  shown  above.  These  are  the  asbestos  retovaJ  fro*  Project  15  ($260,194) 

and  criteria  change  in  Project  122  ($319,250). 

If  these  two  itets  are  retoved,  the  resulting  suts  and  percentages  are  as  follows: 


1  USER  DEST6N  SITE  DESIGN  VALUE 
(  RE8UEST  DEFICIENCy  COND  CHANGE  EN6R  N6  OTHER  ! 

- , -  t 

TOTALS  $492,405  $495,892  $483,134  $127,607  $6,811  $227,314  ! 

PERCENTAGES  (  26.97  27.17  26.47  7.07  0.47  12.471 


The  problets  encountered  in  Project  115  (total  tods  $387,254) 

also  have  a  disproportionate  effect  on  the  results.  If  this  project  is  deleted, 

the  results  are: 


1  USER  DESIGN  SITE  DESIGN  VALUE  ! 

:  RE0UEST  DEFICIENCY  COND  CHANGE  ENGR'NG  OTHER  ! 

- , - » 

TOTALS  ($302,587  $492,714  $295,475  $84,227  $6,811  $173,941  ! 

PERCENTAGES  (  22.37  36.37  21.87  6.27  0.57  12.87! 


Two  types  of  expenses  take  up  tore  than  507  of  the  atount  shown  under  'others*. 

These  are  problets  with  site  access  ($43,329)  and  slowness  in  reviewing  shop  drawings  ($51,000). 
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TABLE  30 


SUNNARV  OF  PROJECTS 
By  Ite*  of  Change 


Data  as  ot  24  Jan  1984 

HlltflilHtlilXflKH 


Type  Project: 

All  Three  Reviens: 

Design  Agency: 

Size  o<  Project: 

Less  than  4500,000  =  14 

MCA  =  5 

Yes  =  21 

IN-HOUSE  =  5 

4500,000  -  41,000,000  *  5 

ONA  =  15 

No  =  4 

A/E  =  20 

41,000,000  -  45,000,000  -  4 

AFH  -  5 

REASON  FOR  MODIFICATION 

(By  Ite»  ot  Change) 

ADJ 

PROJ 

•ROJ 

TYPE 

REViENS 

HODS 

USER 

DESIGN 

SITE 

DESIGN 

VALUE 

OTHER 

CONTR 

COST 

SO. 

PROJ 

'.No. i 

DESIGN 

(TOT) 

REQUEST  DEFICIENCY 

CONS 

CHANGE 

ENGRNG 

AMOUNT 

GROWTH 

1 

ONA 

1 

A/E 

14 

0 

30 

7 

2 

1 

3 

$796,000 

17,61 

J 

ONA 

*r 

A.E 

6 

3 

1 

0 

0 

1 

1 

$83,000 

12.41 

3 

MCA 

J 

A/E 

33 

11 

49 

I 

9 

T 

4 

8 

$4,437,000 

5.11 

4 

NHCA 

3 

A/E 

IB 

4 

13 

5 

4 

0 

3 

$893,400 

9.61  » 

5 

NCA 

7 

A/E 

39 

59 

24 

8 

3 

0 

3 

$4,664,590 

8.81  »# 

6 

ONA 

3 

I-H  (I) 

6 

0 

1 

4 

0 

0 

3 

$224,567 

10.71 

1 

ONA 

l 

A/E 

4 

o 

2 

1 

2 

0 

1 

$340,000 

0.81 

a 

ONA 

3 

A/E 

3 

3 

3 

2 

1 

() 

4 

$157,500 

-0.51 

9 

ONA 

3 

I-H  ill 

7 

4 

0 

0 

1 

0 

0 

2 

$1,006,260 

0.31 

10 

ONA 

3 

A/E 

1 

0 

1 

0 

0 

0 

0 

$79,191 

7.31 

n 

ONA 

3 

A/E 

7 

o 

13 

4 

4 

0 

3 

$488,970 

11.42 

12 

ONA 

3 

I-H  (D) 

i 

0 

0 

0 

1 

0 

0 

$71,432 

-0.11 

13 

ONA 

3 

A/E 

8 

4 

2 

0 

4 

0 

1 

$209,603 

13.11 

14 

AFH 

3 

A/E 

25 

27 

14 

111 

12 

0 

8 

$860,518 

18.81 

15 

ONA 

2 

A/E 

lo 

24 

6 

34 

4 

0 

4 

$536,300 

89.01  »* 

U 

AFH 

0 

A/E 

J 

5 

4 

14 

2 

(1 

3 

$207,500 

12.11 

17 

AFH 

1 

4. 

A/E 

5 

0 

12 

0 

0 

0 

7 

L 

$411,373 

12.71 

18 

NCA 

3 

1-H  (D) 

12 

3 

14 

0 

3 

0 

2 

$3,000, 000 

2.91 

19 

NCA 

3 

A/E 

28 

2 

22 

31 

7 

L 

3 

4 

$4,075,100 

3.91  * 

20 

ONA 

3 

A/E 

10 

4 

3 

3 

0 

(1 

1 

$267,000 

7.31 

21 

ONA 

3 

I-H  II' 

4 

9 

1 

0 

2 

0 

4 

$605,443 

4.41 

22 

AFH 

3 

A/E 

4 

4 

1 

0 

1 

0 

1 

$1,247,433 

26.61  «  *♦ 

23 

AFH 

3 

A/E 

6 

4 

0 

0 

7 

0 

0 

$505,742 

10.51 

24 

ONA 

3 

A/E 

2 

5 

0 

0 

i 

o 

0 

$173,000 

1.11 

25 

ONA 

3 

A/E 

i 

0 

0 

0 

0 

rJ 

1 

$254,500 

1.11 

TOTALS 

268 

177 

240 

228 

44 

7 

42 

$25,797,622 

9.41 

PERCENTAGES 

22.81 

30.81 

29.31 

8.21 

0.91 

8. OX 

(CONTINUED  ON  NEST  PAGE)  TOTAL  ITEMS  OF  CHANGE:  778 
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Project  Summary  (By  Itei  of  Change  -  Continued) 

NOTES: 

1.  Project  #5  terainated.  Nods  shown  do  not  include  those  initiated  because  of  termination. 

2.  Asterisk  1*1  indicates  projects  not  yet  coaplete: 

Project  I  4  at  96%  as  of  24  Jan  84. 

Project  119  at  991  as  of  24  Jan  84. 

Project  #22  at  811!  as  of  24  Jan  84. 

3.  I-H  (I)  indicates  in-house  design  done  by  the  installation. 

I-H  (D)  indicates  in-house  design  done  by  the  supporting  District  office. 

4.  Double  asterisk  (**>  indicates  projects  that  mere  further  adjusted  as  follows: 

There  are  two  individual  expense  ite*s  which  have  a  disproportionate  impact 

on  the  results  shown  above.  These  are  the  asbestos  removal  from  Project  15  (#260,194) 

and  criteria  change  in  Project  122  (#319,250).  To  maintain  consistency, 

these  two  items  were  removed  from  this  analysis  as  they  were  for  the  ’cost*  analysis: 


USER  DESIGN 

REQUEST  DEFICIENCY 

SITE 

C0ND 

DESI6N 

CHAN6E 

VALUE 
ENGR  N6 

1 

OTHER  ! 

TOTALS  I 

177 

240 

227 

63 

7 

62  ! 

PERCENTAGES  1 

22.9% 

30.9? 

29.31 

8.1? 

0.91 

8.011 

The  problems  encountered  in  Project  #15  (total  mods  #387,254) 

also  have  a  disproportionate  effect  on  the  cost  results.  If 

this  project  is  deleted 

the  results  are: 

; 

USER 

DESIGN 

SITE 

DESIGN 

VALUE 

; 

REQUEST  DEFICIENCY 

C0ND 

CHANGE 

ENGR ' NS 

OTHER  1 

TOTALS 

153 

234 

193 

59 

7 

58  ! 

PERCENTAGES  1 

21.71 

33.2? 

27.41 

8.4? 

,.0? 

8.211 

Two  types  of  expenses  make  up  more  than  50%  of  the  amount  shown  under  "others'. 

These  are  problems  with  site  access  (#43,329)  and  slowness  in  reviewing  shop  drawings  (#51,0001. 


APPENDIX  3 

CAUSES  OF  DESIGN  DEFICIENCIES 
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TITLE 
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31 

Summary  by  Cost 
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32 

Summary  by  Items  ot  Change 

1  60 

TABLE  31 


REASONS  FOR  DESIGN  DEFICIENCIES 
By  Cost  of  ((edification 

Data  as  of  24  Jan  1985 

imiiiimmiiHiKi 


PROJ  TYPE  REVIENS 


NODS 


DISCIPLINE  IN  WHICH  ERROR  OCCURRED  (By  Cost)  i  TOT  DSSN  DEF 

!  ANOUNT  AS  PCT  OF 
AONIN  !  DUE  TO  PROJ  HOD 


NO. 

PROJ 

(No.) 

DESIGN 

(TOT) 

1  CIVIL 

NECH 

ELEC 

STRUCT 

ARCH 

CHANGE  1 

DSGN  ERR 

COST 

1 

ONA 

1 

A/E 

16 

to 

113,532 

til, 325 

to 

131,833 

tO  ! 

156,690 

40. 42 

2 

ONA 

3 

A/E 

6 

to 

to 

to 

to 

to 

*0  1 

to 

O.OX 

3 

NCA 

3 

A/E 

33 

to 

19,995 

11,173 

116,666 

188,610 

tO  ! 

1116,444 

49.52 

4 

NHCA 

3 

A/E 

18 

to 

14,067 

to 

to 

115,634 

10  1 

*19,701 

22. 9X 

5 

NCA 

3 

A/E 

39 

15,110 

124,035 

to 

to 

123,633 

10  ! 

*52,778 

12.81 

6 

ONA 

3 

I -H ( 1 1 

6 

to 

to 

t390 

to 

to 

*0  ! 

*390 

1.6X 

7 

ONA 

3 

A/E 

6 

to 

11,923 

to 

to 

to 

*0  1 

11,923 

68. 4X 

B 

ONA 

3 

A/E 

3 

to 

to 

to 

to 

to 

*0  1 

to 

O.OX 

9 

ONA 

3 

I-H(I) 

2 

to 

to 

to 

to 

to 

to  ! 

to 

O.OX 

10 

ONA 

3 

A/E 

1 

to 

15,814 

to 

to 

to 

*0  ! 

15,814 

100. OX 

11 

ONA 

t 

i 

A/E 

7 

to 

$52,841 

$0 

$0 

to 

10  ! 

*52,841 

47. 92 

12 

ONA 

3 

l-H(D) 

1 

to 

to 

to 

to 

to 

to  : 

to 

O.OX 

13 

ONA 

▼ 

J 

A/E 

8 

to 

to 

1787 

to 

18,040 

to  ! 

*8,827 

32. IX 

14 

AFH 

3 

A/E 

25 

to 

1617 

1110 

to 

123,383 

to  1 

*24,110 

14.92 

15 

ONA 

2 

A/E 

16 

to 

1442 

12,336 

to 

*400 

to  1 

13,178 

0.7X 

16 

AFH 

0 

A/E 

5 

17,209 

to 

to 

to 

tl ,260 

*0  ! 

*8,469 

33. 72 

17 

AFH 

o 

L 

A/E 

5 

113,329 

to 

to 

to 

131,266 

to  : 

*44,595 

35.22 

18 

NCA 

3 

I-H(D) 

12 

to 

18,500 

to 

112,787 

*35,688 

to  i 

*56,975 

66. 3X 

19 

NCA 

3 

A/E 

29 

19,424 

12,892  113,010 

to 

122,633 

to  : 

*47,959 

30.27. 

20 

ONA 

3 

A/E 

10 

to 

10 

to 

to 

12,492 

to  : 

*2,492 

12.92 

21 

ONA 

3 

I-H(I) 

6 

to 

to 

to 

to 

*206 

to  : 

1206 

0.81 

T> 

L  L 

AFH 

3 

A/E 

6 

to 

(17,500) 

to 

to 

to 

to  1 

1*7,500) 

-2.11 

23 

AFH 

3 

A/E 

6 

to 

to 

to 

tfl 

to 

to  ! 

to 

O.OX 

24 

ONA 

3 

A/E 

2 

to 

to 

to 

to 

to 

to  1 

to 

o.ox 

25 

ONA 

3 

A/E 

1 

to 

to 

to 

to 

to 

to  1 

to 

o.ox 

TOTALS 

268 

t35,072 

1117,158  129,131 

t29, 453 

*285,078 

to  : 

*495,892 

PERCENTAGES 

7.11 

23.61 

5.91 

5.91 

57.51 

o.ox: 
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TABLE  32 


REASONS  FOR  DESIGN  DEFICIENCIES 
By  Iteis  oF  Change 

Data  as  of  24  Jan  1985 

mmtttmttmttm 
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APPENDIX  4 

MODIFICATION  COST  CORRELATION  TABLES 


TABLE 

TITLE 

page 

33 

Carrel  at i on 

by 

Eevi ew 

162 

34 

Cor r el  a 1 1 on 

by 

Project  Type 

163 

35 

Correl ati on 

b  y 

Project  Sice 

164 

36 

Correl ation 

by 

Design  Agenc  y 

165 

TABLE  33 


CORRELATION  BY  PRECONSTRUCTION  REVIEWS 
■Note  Table  Adjusted  Tor  High-Cost  Hods  to  Projects  15  and  22) 

Projects  Not  Receiving  all  3  Reviews: 


PROJ 

NO. 

TiPE 

PROJ 

REVIEWS 
(No. ) 

DESIGN 

I  REASON  FOR  MODIFICATION  (By  Cost  per 

MODS  !  USER  DESI6N  SITE  DESIGN 

(TOTl!  REQUEST  DEFICIENCY  COND  CHANGE 

I tea  of  Change) 

VALUE  OTHER 
ENGP  NG 

ADJ 

CONTR 

AMOUNT 

PROJ 

COST 

SRONTH 

1 

OtIA 

1 

A/E 

16 

:  *o 

*56,690 

*58,911 

*6,719 

(*374) 

*18,443 

*796,000 

17.67 

15 

QUA 

i. 

A/E 

16 

,*189,818 

*3,178 

*187,659 

*43,380 

*0 

*53,373 

*536,300 

89.07 

16 

AFH 

0 

A/E 

C 

J 

1  *9,765 

*8,469 

*3,778 

*3,132 

to 

*0 

*207,500 

12.17 

1 7 

AFH 

n 

A/E 

5 

1  to 

*44,595 

*0 

*0 

*0 

*7,725 

*411,373 

12.77 

*1,951,173 

35.6)1 

If  Project  115  is 

deleted: 

*1,414,873 

15.47 

rrojec 

ts  pecei  vmg  al 

.  3  Reviews; 

ADJ 

PROJ 

pros 

TYPE 

REVIEWS 

MODS 

USER 

DESIGN 

SITE 

DESIGN 

VALUE 

OTHER 

CONTR 

COST 

NO. 

"vRGJ 

'No. ) 

StsIbN 

(TOT  • 

REQUEST 

DEFICIENCY 

COND 

CHANGE 

ENGP  NG 

AMOUNT 

GROWTH 

-} 

DMA 

g 

A/E 

6 

*11,125 

to 

*0 

*0 

(*658) 

*0 

*83,000 

12.67 

3 

MCA 

3 

A/E 

33 

*54,477 

*116,444 

*10,941 

*9,087 

(*3,263) 

♦47,782 

*4,637,000 

5.17 

4 

HMCA 

j 

A.  E 

18 

*44,931 

*19,701 

*19,141 

*2,338 

*0 

*0 

*893,600 

9.67 

C 

MCA 

3 

A/E 

/t 

*69,081 

*52.778 

*27,451 

*2,400 

*0 

*0 

*4,666,590 

3.37 

6 

OMA 

3 

I-»  ' I) 

6 

*0 

*390 

*6,475 

*0 

*0 

*17,250 

*224,567 

10.77 

OMA 

A/E 

6 

to 

*1,923 

*565 

*324 

*0 

to 

*340,000 

0.87 

6 

OMA 

j 

A  it 

7 

*6,606 

*0 

(*7,736) 

*151 

*0 

*150 

*157,500 

-0.57 

9 

OMA 

7 

J 

I-H  (1/ 

L 

*0 

to 

*2,924 

to 

*0 

*0 

*1,006,260 

0.37 

10 

OMA 

3 

A/E 

1 

*0 

*5,814 

*0 

*0 

*0 

*0 

*79,191 

7.37 

11 

OMA 

3 

A/E 

7 

to 

*52,841 

*11,356 

($13,070) 

*0 

*4, 505 

*488,970 

11.47 

12 

OMA 

j 

I-H  (D) 

1 

to 

*0 

to 

(*100) 

*0 

*0 

*71,432 

-0.17 

12 

OMA 

3 

A/E 

8 

*5,331 

*8,827 

*0 

*6,086 

*0 

*7,295 

*209,603 

13.17 

14 

AFH 

3 

A/E 

25 

*16,199 

*24,110 

*57,540 

*4,477 

*0 

*59,096 

*860,518 

lb. 87 

18 

MCA 

■j 

I-H  ID) 

12 

*14,114 

*56,975 

*0 

I7.B86 

*0 

*7,000 

*3,000,000 

2.97 

19 

MCA 

3 

A/E 

28 

*4,608 

147,959 

*97,713 

*11,022 

($2,516) 

to 

*4,075,100 

3.97 

20 

OMA 

3 

A/E 

10 

*10,459 

*2,492 

*6,416 

*0 

*0 

*0 

*267,000 

7.3Z 

21 

OMA 

3 

I-H  (I) 

6 

*24,486 

*206 

to 

to 

*0 

*1,897 

*605,443 

4.47 

22 

AFH 

3 

A” 

6 

*20,12i 

(*7,500) 

*0 

U) 

*0 

to 

*1,247,433 

1.07 

23 

AFH 

3 

A/E 

6 

*9,323 

*0 

to 

*43.775 

*0 

*0 

*505,742 

10.57 

24 

OMA 

3 

A/E 

L 

*1,959 

to 

*0 

*0 

*0 

*0 

*173,000 

1.17 

25 

OMA 

3 

A/E 

1 

to 

*0 

to 

*0 

*0 

*2,798 

t254,5(K) 

1.17 

*23,846,449  4.77 
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TABLE  34 


CORRELATION  BY  PROJECT  TYRE 

(Note  Table  Adjusted  for  High-Cost  Rods  to  Projects  15  and  22) 


REASON  FOR  RODJFICATION  (By  Cost  per 

Itet  of  Change) 

l 

ADJ 

PROJ 

PROJ 

TYPE 

REVIEWS 

RODS  USER 

DESIGN 

SITE 

DESIGN 

VALUE 

OTHER 

CONTR 

COST 

NO. 

PROJ 

(No.) 

DESI6N 

(TOT) :  REQUEST  DEFICIENCY 

CQND 

CHANGE 

ENGR'NG 

AHOUNT 

GRONTH 

14 

APH 

3 

A/E 

25  !  416,199 

424,110 

457,540 

44,477 

40 

459,096 

4860,518 

18.81 

16 

AFH 

0 

A/E 

5  49,765 

48,469 

43,778 

43,132 

40 

40 

4207,500 

12.11 

1? 

AFH 

0 

A/E 

5  1  40 

444,595 

40 

40 

40 

47,725 

4411,373 

12.71 

22 

AFH 

3 

A/E 

6  1  420,123 

(47,500) 

40 

40 

40 

40 

41,247,433 

1.01 

23 

AFH 

■’ 

A/E 

6  1  49,323 

40 

40 

443,775 

40 

40 

4505,742 

10.51 

43,232,566 

9.42 

RCA  Projects: 

1 

ADJ 

PROJ 

PROJ 

TYPE 

REVIEWS 

RODS  :  USER 

DESIGN 

SITE 

DESIGN 

VALUE 

OTHER 

CONTR 

COST 

NO. 

PROJ 

(No.) 

DESIGN 

(TOT!!  REQUEST 

DEFICIENCY 

COND 

CHAN6E 

ENGR'NG 

AHOUNT 

GRONTH 

3 

RCA 

3 

A/E 

33  !  454,477 

4116,444 

410,941 

49,087 

(43,263) 

447,782 

44,637,000 

5.12 

4 

RRCA 

3 

A/E 

ie  !  444,931 

419,701 

419,141 

42,338 

40 

40 

4893,600 

9.62 

5 

RCA 

3 

A/E 

39  !  469,081 

452,778 

427,451 

42,400 

40 

40 

44,666,590 

3.32 

18 

RCA 

3 

i-H  (D) 

12  !  414,114 

456,975 

40 

47,886 

40 

47,000 

43,000,000 

2.92 

19 

RCA 

3 

A/E 

28  !  44,608 

447,959 

497,713 

411,022 

(42,516! 

40 

44,075,100 

3.92 

417,272,290 

4.22 

ORA  Projects: 

\ 

ADJ 

PROJ 

PROJ 

TYPE 

REVIEWS 

RODS  :  USER 

DESIGN 

SITE 

DESI6N 

VALUE 

OTHER 

CONTR 

COST 

NO. 

PROJ 

(No.) 

DESI6N 

(TOT)!  REQUEST 

DEFICIENCY 

COND 

CHANGE 

EN6RNG 

AHOUNT 

GRONTH 

1 

ORA 

1 

A/E 

16  !  40 

456,690 

458,911 

46,719 

(4374) 

418,443  ! 

4796,000 

17.62 

2 

ORA 

3 

A/E 

6  !  411,125 

40 

40 

.  40 

(4658) 

40  ! 

483,000 

12.62 

6 

ORA 

3 

I-H  (I) 

6  !  40 

4390 

46,475 

40 

40 

417,250  ! 

4224,567 

10.72 

7 

ORA 

3 

A/E 

6  !  40 

41,923 

4565 

4324 

40 

40  1 

4340,000 

0.82 

8 

ORA 

3 

A/E 

3  !  46,606 

40 

(47,736) 

4151 

40 

4150  ! 

4157,500 

-0.52 

9 

ONA 

3 

I-H  (1) 

2  !  40 

40 

42,924 

40 

40 

40  ! 

41,006,260 

0.32 

10 

ORA 

3 

A/E 

1  !  40 

45,814 

40 

40 

40 

40  ! 

479,191 

7.32 

11 

ORA 

3 

A/E 

7  !  40 

452,841 

411,356 

(413,070) 

40 

44,505  ! 

4488,970 

11.42 

12 

ONA 

3 

I-H  (D) 

1  !  40 

40 

40 

(41001 

40 

40  ! 

471,432 

-0.12 

13 

ORA 

3 

A/E 

8  !  45,331 

4B , 827 

40 

46,086 

40 

47,295  ! 

4209,603 

13.12 

15 

ORA 

2 

A/E 

16  14189, 818 

43,178  4187,659 

443,380 

40 

453,373  ! 

4536,300 

89.01 

20 

ORA 

j 

A/E 

10  !  410,459 

42,492 

46,416 

40 

40 

40  ! 

4267,000 

7.32 

21 

ORA 

3 

I-H  (I) 

6  !  424,486 

4206 

40 

40 

40 

41,897  ! 

4605,443 

4.42 

24 

ORA 

3 

A/E 

2  !  41,959 

40 

40 

40 

40 

40  ! 

4173,000 

1.12 

25 

ORA 

3 

A/E 

1  !  40 

40 

40 

40 

40 

42,798  ! 

4254,500 

1.12 

45,292,766  15.11 
If  Project  115  is  deleted:  44,756,466  6.71 
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TABLE.  55 


CORRELATION  ETi  PROJECT  SIZE 

(Note  Table  Adjusted  for  High-Cost  Hods  on  Projects  15  and  22) 
Projects  Nith  Adjusted  Contract  Amounts  of  Less  Than  $500,000 

:  REASON  FOR  MODIFICATION  (By  Cost  per  Itei  of  Change)  1 


f'ROJ 

NO. 

TYPE 

PROJ 

REVIEWS 

(No.) 

DESIGN 

HODS 

(TOT) 

USER  DESIGN 

REQUEST  DEFICIENCY 

SITE 

COND 

DESI6N 

CHANGE 

VALUE 

ENGRNG 

OTHER 

ADJ 

CONTR 

AHOUNT 

PROJ 

COST 

6R0NTH 

n 

L 

OHA 

3 

A/E 

6 

<11,125 

$0 

<0 

$0 

($658) 

$0 

$83,000 

12.6/ 

6 

OHA 

3 

1-H  il 

fc 

$0 

$390 

$6,475 

$0 

$0 

<17,250 

$224,567 

10.71 

7 

OHA 

3 

A/E 

f> 

<0 

$1,923 

$565 

$324 

$0 

$0 

$340,000 

0.81 

8 

OHA 

3 

A  £ 

3 

<6,606 

$0 

($7,736) 

$151 

$0 

$150 

$157,500 

-0.5Z 

10 

OHA 

i 

A/E 

1 

$0 

$5,814 

$0 

<0 

$0 

to 

$79,191 

7.31 

11 

OHA 

3 

A/E 

7 

<0 

<52,841 

$11,356 

($13,070! 

$0 

$4,505 

$488,970 

11.41 

12 

OHA 

T 

J 

1-H  tOi  1 

$0 

$0 

$0 

($100) 

$0 

$0 

$71,432 

-0.11 

13 

OHA 

3 

A/E 

8 

$5,331 

<8,827 

$0 

$6,066 

$0 

$7,295 

$209,603 

13.11 

16 

AFH 

0 

A/E 

5 

$9,765 

$8,469 

$3,778 

$3,132 

<0 

$0 

$207,500 

12.11 

17 

AFH 

2 

A-E 

5 

$0 

$44,595 

$0 

$0 

$0 

$7,725 

$411,373 

12.71 

20 

OHA 

3 

A/E 

10 

$10,459 

$2,492 

$6,416 

$0 

$0 

$0 

$267,000 

7.31 

24 

OHA 

3 

A/E 

i. 

$1,959 

<0 

$0 

$0 

$0 

to 

$173,000 

1.11 

a.  J 

OHA 

> 

A/E 

1 

$0 

$0 

$0 

$0 

$0 

$2,798 

$254,500 

1.11 

$2, 967,636 

7.71 

rojec 

tc  Nitn  Adjusted  Contract  Aeounts  Between  $500,000  and  <1,000,000. 

ADJ 

PROJ 

PROJ 

TYPE 

REVIEWS 

HODS 

USER 

DESIGN 

SITE 

DESIGN 

VALUE 

OTHER 

CONTR 

COST 

NO. 

PROJ 

iNo. ) 

DESIGN 

(TOT) 

REQUEST  DEFICIENCY 

COND 

CHAN6E 

ENGR  NG 

AHOUNT 

6R0HTH 

1 

OHA 

1 

A/E 

16 

:  <o 

$56,690 

$58,911 

$6,719 

($374) 

<18,443 

$796,000 

17.61 

4 

HHCA 

3 

A/E 

18 

1  $44,931 

$19,701 

$19,141 

$2,338 

$0 

$0 

$893,600 

9.61 

14 

AFH 

3 

A/E 

1C 

Lsi 

1  $16,199 

$24,110 

$57,540 

$4,477 

$0 

$59,096 

$860,518 

18.81 

15 

OHA 

A/E 

16 

! $  1 89 , 8 1 0 

$3,178  $187,659 

$43,380 

$0 

$53,373 

$536,300 

89.01 

21 

OHA 

7 

I-H  (I 

6 

1  $24,486 

$206 

$0 

$0 

to 

$1,897 

$605,443 

4.41 

25 

AFH 

3 

A/E 

6 

1  $9,323 

$0 

$0 

$43,775 

to 

$0 

$505,742 

10.51 

$4,197,603 

22.51 

If  Project  #15  is 

deleted: 

$3,661 , 303 

12.81 

Projects  With  Adjusted  Contract  Aeounts  Over 

$1,000,000. 

ADJ 

PROJ 

PROJ 

TYPE 

REVIENS 

HODS 

1  USER 

DESIGN 

SITE 

DESIGN 

VALUE 

OTHER 

CONTR 

COST 

NO. 

PROJ 

(No.) 

DESIGN 

(TOT) 1  REQUEST  DEFICIENCY 

COND 

CHANGE 

EN6R’NG 

AHOUNT 

SRQNTH 

3 

HCA 

3 

A/E 

33 

$54,477 

<116,444 

$10,941 

$9,087 

($3,263) 

$47,782 

$4,637,000 

5.11 

5 

HCA 

3 

A/E 

39 

<69,081 

$52,778 

$27,451 

$2,400 

to 

$0 

$4,666,590 

3.31 

9 

OHA 

3 

1-H  (I) 

2 

$0 

$0 

$  2,924 

$0 

to 

$0 

$1,006,260 

0.31 

18 

HCA 

7 

J 

I-H  (0) 

12 

$14,114 

$56,975 

$0 

$7,886 

to 

$7,000 

$3,000,000 

2.91 

19 

HCA 

3 

A/E 

28 

<4,608 

$47,959 

$97,713 

$11,022 

($2,516) 

$0 

$4,075,100 

5.91 

22 

AFH 

3 

A/E 

6 

$20,123 

($7,500) 

$0 

$0 

$0 

$0 

$1,247,433 

1.01 

1 64 


<18,632,383  3.5Z 


TABLE  36 


CORRELATION  8/  DESIGN  t IN-HOUSE  VS.  CONTRACTED  A/E) 

(Note  Table  Ad  justed  *or  High-Cost  Hods  on  Projects  15  and  22) 


A/E  Designed  Projects: 


I  REASON  EDR  HODIfJCATJON  (By  Cost  per  ite*  ot  Change) 


ADO  PRQJ 


PRGJ 

NO. 

T  r  PE 
PRQJ 

REVIEWS 

(No.) 

DES16N 

HODS  USER 
(T0TI1  REQUEST 

DESIGN 

DEFICIENCY 

SITE 

COND 

DESiSN 

CHAN6E 

VALUE 
ENGR  NG 

OTHER  1 

CONTR 

AHOUNT 

COST 

SRONTH 

1 

ONA 

1 

A/E 

16 

*0 

*56,690 

*58,911 

*6,719 

(1374) 

*18,443  1 

*796,000 

17.61 

2 

OHA 

3 

A/E 

6 

*11,125 

*0 

(0 

*0 

(*658) 

*0  ! 

*83,000 

12.41 

7 

HCA 

3 

A/E 

33 

*54,477 

*116,444 

*10,941 

*9,087 

(*3,263) 

*47,782  1 

*4,637,000 

5.11 

4 

HHCA 

3 

A/E 

18 

*44,931 

*19,701 

*19,141 

12,338 

to 

*0  1 

*893,600 

9.6 1 

C 

J 

HCA 

j 

A/E 

39 

*69,081 

*52,778 

*27,451 

*2,400 

*0 

*0  ! 

*4,666,590 

3.31 

7 

OHA 

3 

A/E 

6 

*0 

*1,923 

*565 

*324 

10 

to  ; 

*340,000 

0.81 

8 

OHA 

3 

A/E 

7 

*6,606 

*0 

(*7,736) 

$151 

to 

*150  ! 

*157,500 

-0.51 

10 

OHA 

3 

A/E 

1 

10 

*5,814 

to 

*0 

*0 

to  ; 

*79,191 

7.31 

11 

OHA 

- 

A/E 

7 

to 

*52,841 

111,356 

(*13,070) 

*0 

*4,505  1 

*488,970 

11.41 

13 

OHA 

3 

A/E 

8 

*5,331 

*8,827 

*0 

*6,086 

*0 

*7,295  1 

*209,603 

13.11 

14 

AFH 

3 

A/E 

25 

*16,199 

*24,110 

*57,540 

*4,477 

to 

*59,096  1 

*860,518 

18.81 

15 

OHA 

2 

A/E 

16 

*189,818 

*3,178  *187,659 

*43,380 

*0 

*53,373  1 

*536,300 

89.01 

16 

AFH 

0 

A/E 

c 

*9,765 

*8,469 

*3,778 

*3,132 

*0 

*0  ! 

*207,500 

12.11 

17 

AFH 

2 

A/E 

J 

*0 

*44,595 

10 

to 

*0 

*7,725  1 

*411,373 

12.71 

19 

HCA 

3 

A/E 

28 

*4,608 

*47,959 

*97,713 

*11,022 

(*2,516) 

*0  1 

*4,075,100 

3. ’I 

20 

OHA 

3 

A/E 

10 

*10,459 

*2,492 

*6,416 

to 

to 

to  i 

1267,000 

7.31 

22 

AFH 

3 

A/E 

6 

*20,123 

(*7,5001 

to 

*0 

*0 

*0  ! 

*1,247,433 

1.01 

23 

AFH 

3 

A/E 

0 

*9,323 

*0 

*0 

*43,775 

*0 

*0  1 

*505,742 

10.51 

24 

OHA 

3 

A/E 

n 

L 

*1,959 

to 

*0 

*0 

to 

*0  1 

1173,000 

1.11 

25 

OHA 

3 

A/E 

1 

*0 

to 

*0 

*0 

*0 

*2,798  ,' 

*254,500 

1.11 

*20,889,920  8.0?. 

It  Project  *15  is  deleted:  *20,353,620  5. Pi 


Designed  by  In-House,  Government  Engineers: 


PROJ 

NO. 

TYPE 

PROJ 

REVIEWS 

(No.) 

DESISN 

HODS  1  USER  DESIGN 

(TOTH  REQUEST  DEFICIENCY 

SITE 

COND 

DESIGN 

CHANGE 

VALUE 

ENSR'NG 

OTHER 

1  ADJ 

I  CONTR 

1  AHOUNT 

PROJ 

COST 

GRONTH 

6 

OHA 

3 

I-H 

(I) 

6  1  *0 

*390 

*6,475 

to 

*0 

*17,250 

!  *224,567 

10.71 

9 

OHA 

3 

I-H 

(1> 

2  I  *0 

to 

*2,924 

*0 

*0 

*0 

1  *1,006,260 

0.31 

12 

OHA 

3 

I-H 

(D) 

1  1  to 

to 

*0 

(*100) 

to 

*0 

!  *  71,432 

-0.11 

18 

HCA 

3 

I-H 

<D) 

12  1  $14,114 

156,975 

*0 

*7,886 

to 

* 7,000 

1  *3,000,000 

2.91 

21 

OHA 

3 

I-H 

(I) 

6  1  *24,486 

*206 

*0 

*0 

to 

*1,897 

1  *605,443 

4.41 

*4,907,702 

2.81 

NOTE: 


I-H  (II  indicates  design  by  installation. 

I-H  (D)  indicates  design  by  supporting  Corps  District. 


165 


APPEND  I \  5 

INDIRECT  COSTS  FOR  ENGINEERING,  DESIGN,  AND  OVERHEAD 

By  PROJECT 


TABLE  37 


HOD  COST  COMPARISON 

District  Costs  Tor  Engineering,  Design,  and  Overhead 

HiHmmtJtmmmmmimiHmmHHmtH 


FROJ 

DIRECT 

HOD 

TOTAL 

ITEHS 

HODS 

DIRECT  I 
PROJ  1 
COST  1 

COST  OF  MODIFICATION 
:NGR,  DESIGN,  AND  OVERHEAD 

ADKIN 

COST 

PER  HOD 

ADHIN 

COST 

PER  I  TEH 

!  ADJUSTED 
!  CONTRACT 

NO. 

COST 

OF  CHN6 

(TOT) 

6R0HTH  1 

EID 

OVERHD 

TOTAL 

(ERD.OVRHD) 

OF  CHN6 

!  AHOUNT 

1 

1140,390 

43 

16 

17.611 

<4,102 

<50 

<4,152 

<260 

<97 

!  <796,000 

2 

<10,467 

6 

6 

12.671 

<286 

<41 

<327 

<54 

<54 

!  <83,000 

3 

<235,468 

100 

33 

5.171 

<19,983 

<2,956 

<22,939 

<695 

<229 

!  <4,637,000 

4 

<86,111 

29 

18 

9.671 

<4,925 

<676 

<5,601 

<311 

<193 

1  <893,600 

C 

<411,844 

97 

39 

8.871 

<24,330 

<2,424 

<26,754 

<686 

<276 

1  <4,666,590 

6 

<24,115 

B 

6 

10.771 

<968 

<156 

<1,124 

<187 

<140 

!  <224,567 

7 

<2,811 

6 

6 

0.871 

<1,580 

<236 

<1,816 

<303 

<303 

1  <340,000 

B 

«829> 

13 

3 

-0.571 

<713 

<108 

<821 

<274 

<63 

!  <157,500 

9 

<2,924 

3 

2 

0.37! 

<670 

<98 

<768 

<384 

<256 

!  <1 ,006,260 

10 

<5,814 

1 

1 

7.371 

<315 

<48 

<363 

<363 

<363 

!  <79,191 

11 

<55,632 

26 

7 

11.471 

<2,209 

<333 

<2,543 

<3  63 

*98 

!  <488,970 

12 

<<1001 

1 

l 

-0.12; 

<437 

<71 

<509 

<509 

<509 

!  <71,432 

13 

<27,539 

11 

8 

13.17! 

<844 

<128 

<972 

<121 

<88 

!  <209,603 

H 

<161,420 

179 

25 

IB. 771 

<3,509 

<503 

<4,011 

<160 

<22 

!  <860,518 

15 

<477, 40B 

72 

16 

89.071 

<2,363 

<370 

<2,733 

<171 

<38 

!  <536,300 

16 

<25,145 

31 

5 

12.171 

<893 

<131 

<1,023 

<205 

<33 

!  <207,500 

17 

<52,320 

14 

5 

11.87! 

<2,156 

<269 

<2,425 

<485 

<173 

!  <411,373 

18 

<85,975 

22 

12 

2.92! 

<13,189 

<2,118 

<15,308 

<1,276 

<696 

1  <3,000,000 

19 

<158,786 

64 

28 

3.921 

<17,252 

<2,806 

<20,058 

<716 

<313 

1  <4,075,100 

20 

<19,367 

13 

10 

7.321 

<1,508 

<245 

<1,753 

<0 

<0 

1  <267,000 

21 

<26,589 

16 

6 

4.421 

<2,888 

<482 

<3,370 

<562 

<211 

!  <605,443 

22 

<331,873 

9 

6 

26.621 

<5,035 

<784 

<5,819 

<0 

<647 

!  <1,247,433 

23 

<53,098 

11 

6 

10.521 

<1,296 

<202 

<1,498 

<250 

<136 

!  <505,742 

24 

<1,959 

0 

n 

4. 

1.121 

<817 

<133 

1950 

<475 

<158 

1  <173,000 

25 

<2,798 

1 

1 

1.12! 

<1,533 

<193 

<1,726 

<1,726 

<1,726 

1  <254,500 

T0r: 

<2,398,924 

782 

268 

9.42!<113,B02 

<15,561 

<129,362 

<483 

(Avq) 

<165 

(Avg) 

1 <25, 797 ,622 
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gurcmary  of  Responses 


f  DISTRICT,  CORPS  OF  ENGINEERS 
Modification  Study  Interview  Questionnaire 


INTRODUCTION : 


Date  of  Interview  May  -  June  1985 


This  questionnaire  is  part  of  a  study  of  modifications  to  military 
construction  contracts  within  the  District  in  general  and  Fort 

particular.  An  underlying  assumption  of  the  study  is  that 
projects  which  receive  careful  pre-construction  reviews  have  lower  cost  growth 
due  to  modifications  than  projects  which  are  not  reviewed.  One  of  the  stated 
objectives  of  the  study  is  to  evaluate  the  effectiveness  of  the  District's 
review  process.  The  purpose  of  this  questionnaire  is  to  obtain  data  to  assist 
in  malting  that  evaluation. 


1.  Please  identify  your  current  job  description,  branch,  and  section. 
Snor  Division  (29);  Project  Managers  (10) ;  Constr  Reps  (6);  Res  Off  (5); 


1(6) 


Yes 


■#- 


2.  Have  you  ever  received  any  training  in  how  to  conduct  either  technical  or 
constructability  reviews? 

no 

3.  If  yes,  describe  which,  how  and  when  you  received  that  training. 

Formal  courses/seminars  ^(19)V  On-the-job  training  _ _ 

4.  Circle  the  disciplines  in  which  your  training  and/or  experience  gives  you 
the  expertise  to  conduct  technical  or  constructability  reviews  .more  than 
one  answer  acceptabla) : 


a.  Civil  U25M  ^ 

b.  Architectfiral— Al6l) 

c.  Mechanical  KISH — ' 


d.  Structural  Kil) 

e.  Electrical  1151 

f.  Other  (speciS7>_  f(7)) 


5.  Circle  the  disciplines  In  which  you  normally  conduct  technical  or 
constructability  reviews  (more  than  one  answer  acceptable): 


a.  Civil  0 

b.  Architectoralf  I6J 

c.  Mechanical 


d.  Structural  fjoy 

e.  Elactrlcal  ff?! 

f.  Other  (specify^  US)) 


Assume  that  the  projects  referred  to  in  the  next  three  questions  are  within  your 
primary  area  or  discipline  of  expertise . 

6.  Bow  much  time  do  you  need  to  properly  review  the  following  type  projects? 
(Consider  only  the  time  it  taJces  to  conduct  the  review.) 


Small  (less  than  $500,000)  projects  -  not  complex 

e.  less  than  1  working  day*,  (b O  d.  6-10  working  days  (7q)1 

b.  2  -  3  working  days  jOl)  s.  11  -  15  working  days 

c.  4  -  5  working  days  uSn  f.  over  15  working  days 


I 


projects  -  medium  complexity 

d.  6  -  10  working  days 

e.  11-15  working  days  jOa 

f.  over  15  working  days  (jJ) 

Large  (greater  than  51,000,000)  projects  -  very  complex 

a.  less  than  1  working  day  (oj)  d.  6-10  working  days 

b.  2  -  3  working  days  Hj)  e.  11-15  working  days 

c.  4  -  5  working  days  05)  f.  over  15  working  days 

7.  Given  (your)  (  the  people  under  your  supervision's)  normal  daily  work 

requirements,  how  long  prior  to  when  comments  are  due  do  (you)  (they)  need 
in  order  to  perform  a  thorough  technical  or  constructability  review  for: 


Medium  ($500,000  -  $1,000,000) 


a.  less  than  1  working  dau. 

b.  2  -  3  working  days  Oj-3) 

c.  4  -  5  working  days  (**) 


© 


8. 


Small  (less  than  5500,000)  projects  -  not  complex 


a. 


b. 

c. 


1-5  working  days 
6-10  working  days 
11  -  15  working  days 


d.  16-20  working  days 
e-  21-25  working  days 
f.  over  25  working  days 


Medium  ($500,000  -  $1,000,000)  projects  -  medium  complexity 


a.  1  -  5  working  days  K5)\ 

b.  6  -  10  working  days  ^1(20} 

c.  11  -  15  working  days  \(15) 


d.  16-20  working  days 

e.  21-25  working  days 

f.  over  25  working  days 


Large  (greater  than  $1,000,000)  projects  -  very  complex 


a. 

b. 


c. 


1-5  working  days 
6-10  working  days 
11  -  15  working  days 


d.  16  -  20  working  days 

e.  21  -  25  working  days 

f.  over  25  working  days 


On  the  average,  how  long  prior  to  when  comments  are  due  are  (you)  (the 
people  under  your  supervision)  given  to  do  reviews  for: 


Small  (less  than  $500,000)  projects  -  not  complex 


a. 


b. 

c. 


5  working  days 
10  working  days 


11  -  15  working  days 


d.  16-20  working  days 

e.  21-25  working  days 

f.  over  25  working  days 


Medium  ($500,000  -  $1,000,000)  projects  -  medium  complexity 


a.  1  -  5  working  days  Ml} 

b.  6  -  10  working  days  (23} 

c.  11-15  working  days  \10) 


d.  16-20  working  days 

e.  21  -  25  working  days 

f.  over  25  working  days 


Large  (greater  than  $1,000,000)  projects  -  very  complex 


a.  1  -  5  working  days  ((7)1 

b.  6  -  10  working  days  (T18)l 

c.  11  -  15  working  days  \(14) 


d.  16  -  20  working  days 

e.  21  -  25  working  days  «31 

f.  over  25  working  days  ry 


1  '0 


NOTE;  Only  time  spent  on 

modifications  collated. 


9.  What  percentage  of  your  tine  during  a  "typical  week"  is  spent  on  each  of 
the  following  activities  (circle  “0%"  for  those  activities  that  do  not 
apply  to  you) : 

Technical/Constructability  Reviews : 

a.  0%  b.  11-5%  c.  61-10%  d.  111-20%  e.  211-30%  f.  311-50%  g.  Over  50% 

Engineering  Design: 

a.  01  b.  11-5%  c.  61-101  d.  111-20%  e,  211-30%  f.  311-50%  g.  Over  50% 

Contract/Design  Modifications: 

a.  DA  b.  lie 5%  c.  6iel0%  d.  111-20%  e.  21A-301  £.  111-50%  g.  Over  50% 

(u)  (19)  hs)  (t6>  (ab  frs)  fro) 

Vie  Id  Inspections :/  / 

a.  0%  b.  11-51  c.  6%-10%  d.  ll%-20%  e.  21%-30%  f.  311-50%  g.  Over  50% 

General  Office  Correspondence/Admin .- 

a.  0%  b.  l%-5%  c.  6%-10%  d.  ll%-20%  e.  21%-30%  f.  31%-50%  g.  Over  50% 

Meetings : 

a  0%  b.  11-51  c.  6%-10%  d.  111-20%  e.  21%-30%  f.  31%-S0%  g.  Over  50% 

Shop  Drawing  Review: 

a.  0%  b.  11-5%  c.  61-10*  d.  ll%-20%  e.  21*-3o%  f.  311-50%  g.  Over  50% 

Coordination/Communication  Between  Corps,  Contractor,  DEM,  A/E: 

a.  0%  b.  11-5%  c.  6%-10%  d.  111-20%  a.  211-30%  f.  311-501  g.  Over  50% 

Other  (specify) _ : 

a.  0%  b.  11-51  c.  61-10*  d  111-201  e.  211-30%  f.  311-50%  g.  Over  50% 

10.  Prioritize  the  items  shown  in  the  previous  question.  Prioritize  only  those 
items  that  pertain  to  your  work.  You  are  asked  to  answer  this  question  in 
two  ways.  First,  show  the  priority  that  you  feel  SHOULD  be  assigned  to  each 
item.  Second,  show  the  priority  that,  cased  on  your  experience  in  the^mHHK 
■^District,  you  feel  "the  system"  currently  assigns  to  each  item.  Use  "1" 
for  the  top  priority  with  i.  creasing  numbers  indicating  items  of  lesser  priority. 
Enter  "0"  or  "N/A"  for  those  items  that  do  not  apply  to  you: 


b.  Engineering  Design  Midc 

c.  Contract/Design  Modifications  Bott 

d.  Field  Inspections  - 

e.  General  Office  Correspondencs/Admin 

f.  Meetings 

g.  Shop  Drawing  Review 

**•  Coordination^gonmmjication  Between  Corp 

-  * 


Reviews  MS: 

Priority 

Should  Be 

As  Is 

i  Top  Third : 

14 

12 

Middle  Third: 

20  • 

18 

Bottom  Third: 

10 

15 

All  Answers  sunned  together: 


All  answers  summed  together: 
Always*»115  Sonet  imes*=l  2 
Mostly»33  Rarely-4 


a.  Always  b.  Meat  of  the  time  c.  Sometimes  d.  Barely  e.  Sever  f.  Dpn.'t  Know 

(toj|  09)  © 

31.  WhaV'performingtechnical  or  constructability  reviews ,  (i)  (tKe  people  uMer 

my  supervision)  use  a  checklist  to  identify  which  items/areas  are  to  be  reviewed 

a.  Always  b.  Most  of  the  time  c.  Sometimes  d.  Barely  e.  newer 

(ai)  (m  (n)  ((B))  (m 

22.  Ny  training  anatgxparience  gives  me  thg"expertise  to  conduct  thorWgh  and 
detailed  technical  or  constructability  reviews  within  my  area  or  discipline: 

a.  Always  b.  Meet  of  the  time  c.  Sometimes  d.  Barely  e.  Sever 

(l6)^  Q6l)  (C2)j  ((0)) 

23.  Technical  or  Construct  ability  reviews  are  done  at  alVrequired  design  stages 
(i.e.  35V  90V  final)  for  new  work  designs: 

a.  Always  b.  soar  of  the  time  c.  Sometimes  d.  Barely  e.  Saver 

(<6))  ^23/  (ie>)  (isy  (a)) 

24.  Tec  finical  or  Constructability  reviews  safe  done  at  all~required  design  stages 
for  renovation  designs: 

a.  JKtnays  b.  Moat  of  the  time  c.  Sometimes  d.  Barely  e.  JJever 

((D)  *17))  «23fl  U6))  ((D) 

25.  The  same  Individual  conducts  reviews  rOr  all  phases  or  design  foV"each 
project : 

a.  Mvays  b.  Meet  of  the  time  c.  Seme  times  d.  Barely  e.  jJtver 

(oj)  ^22J  (20))  .  (<9j)  {(0)) 


1  f  r 


26.  Thorough,  detailed  reviews  save  the  government  money: 


a.  Always  b.  of  the  time  c.  Siaoetimes  d.  JUrely  e.  2+ye r 

fa)  fa)  an  (m)  (<01) 

27.  Givem^all  of  Che  daily  Casks  (X)  (Che  p'dople  under  m^’suoervisiojrt"^ must 

accomplish,  Che  emphasis  placed  by  "Che  system"  (Che  Discricc,  deh,  Customer, 
eCc.)  on  reviews  is: 


a.  loo  much  b.  Abo^t  right  c.  Not^enough 

U6j »  fa)  fa) 

28.  For~designs  involving-renovation  work  (aS"' opposed  Co  new  work) ,  sice  visics 
are  roucinely  conducCed  (by  me!  (Che  people  under  ay  supervision)  as  pare 
of  the  review  process : 

a.  Jiwavs  b.  host  of  Che  time  c.  Seeeciaes  d.  Raaely  e.  Never 

'(4))  \  (l2}t  ({63)  (l6))  nSj 

29.  For^esigns  invoicing  new  work  (as  Opposed  to  renovatfCJft  work)  ,  sife  visits 
are  routinely  conducted  (by  me)  (the  people  under  my  supervision)  as  part 
of  the  review  process: 

a.  jUmavs  b.  jfcast  of  the  tine  c.  ^poetimes  d.  Rarely  e. 

{(3l)  ((9J)  (13j)  (12))  fa% 

30.  ConsaWts  from  previous  reviews  are  readily  available  t^individuaiTconducting 
subsequent  reviews : 


a.  Always  b.  Mo*v  of  the  tine  c.  Sce^imes  d,  Rite 
06))  \  16 )  I  0321  ((8)j 

31.  All  vartld  review  hrr5ncnents  are  incorporated  into  the  fina 


iy 

1 


designs • 


a.  Al-ays  b.  Moat  of  the  time  c.  Sometimes  d.  Rarely  e. 

(ay  (23)  fa)  (ay  r(o)J 

32.  Individuals  conducting  reviews  and  providing  comments'~ire  given  feedback  as 
to  which  of  their  comments  are  included  in  design  changes  and  which  are  not: 


a.  Always  b.  hoet  of  the  time  c.  Sometimes  d.  Rarely  e.  Never 

(6V  CL  7)  U8j)  (llj)  (2)} 

33.  (I)~Tth*  people  under  my  supervision)  have  checklists  fdr  use  as  reference 
when  conducting  reviews: 

a.  Always  b.  Npet  of  the  time  c.  Sowetimes  d.  Rawely  e.  Never 

fay  usn  (12)  nsy  (i9i) 

Answer  the  followingNjuestion  on  the  basis  tr^  an  absolute"“Scandard  of  gpSality. 
DO  NOT  qualify  your  answer. 


34.  The  quality  of  the  reviews  (I)  (the  people  under  ay  supervision)  conduct  are 
as  thorough  and  detailed  aj  I  feel  the  complexity  of  the  project  warrants: 


b.  Mpee.  of  the  time 
0 


c.  Sometimes 

0 


1  ’  ■ 


35.  How  long  have  you  worked  for  the  Corps  of  Engineers  (either  in  a  District  or 
DEH  position)? 

a.  less  than  2  its  ((5n  • 

b.  2  -  5  yrs  USVL 

c.  5  -  10  yrs  >  (leV 

d.  10-20  yrs\^(20J) 

e.  more  than  20  7*4  M On 


36.  How  long  have  you  'worked  for  the| 


I  District? 


37.  How  much  time  have  you  spent  as  a  design  engineer  (not  limited  to  government 
work)  ? 

a.  0  (u) 

b.  less  than  tvc  years 

c.  2  -  5  yrs  (?8)L 

d.  5  -  10  yrsS(lof 

e.  10  -  20  yrsNO) 

f.  more  than  20?** 


© 


30.  How  much  time  have  you  spent  in  construct  ion  (not  limited  to  government  work) 

a.  0  (O' 

b.  less*“than  two.  years  ((21 

c.  2  -  5  yrs  U6)T 

d.  5  -  10  yrs  \nA 

e .  10-20  yrs  j) 

f.  more  than  20  y?s  (lOP 


39.  How  much  time  have  you  spent  in  aanageoent/supervision  of  engineering  or 
construction  (not  limited  to  government  work^? 

*■  0  © 

b.  less  trhan  two^ears  K4n 

c.  2  -  5  yrs  (10 J 

d.  5  -  10  yrs  (pff 
•  •  10-20  yrs\(9j) 

f.  more  than  20  yfj s  H4H 


40.  Please  identify  the  highest  academic  level  and  all  degrees  you  have  earned. 
If  you  hold  a  degree  (or  degrees),  please  circle  the  type  of  degree  (i.e. 
associates,  B.S.,  M.A.)  and  show  the  discipline  in  which  it  was  received. 

a.  High  School  Diploma  ((4) 

b.  College  -  no  degree  /(2) 

c.  Associates  Degree _ jj2) 

d.  Bachelors  Degree  (B. 

e.  Masters  De^ee  (M.S.) 

f.  Other  mOH 


(5. A. )  ^141)) 

(M.A.)  f(9). 


41.  Do  you  hold  a  certificate  as  an  Engineer  in  Training  (ElT) ? 
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